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Abstract  
Inter and intra-population variation in behaviour can be the result of genetic, 
ecological or social differences. Behaviour can be passed down from generation to 
generation via vertical or oblique transmission, or spread throughout a population 
within generations by horizontal transmission. Typically, social learning is studied by 
excluding ecological and genetic explanations. However, before ecological factors 
can be excluded they require full investigation. Shark Bay bottlenose dolphins 
(Tursiops sp.) have been observed carrying conical shaped sponges (Echniodictyum 
mesenterinum) on their rostra and foraging with them, which is believed to be the 
only documented tool use behaviour in cetaceans. Social learning may be 
responsible for this “sponging” behaviour within Shark Bay bottlenose dolphins. 
However, the relationship between sponging dolphins and ecological factors in the 
Western Gulf of Shark Bay has not been investigated previously. 
 
This study examined the distribution and density of sponges in the Western Gulf of 
Shark Bay, Western Australia and whether the distribution of sponges influences 
sponging behaviour in bottlenose dolphins. Data on the distribution of sponging 
dolphins were provided by Dr Michael Krützen and his students at the University of 
Zurich and by Dr Lars Bejder, Murdoch University.  In order to determine the 
distribution of sponges in the study area a rapid, non-destructive and cost effective 
methodology was developed to sample marine benthic habitats (Chapter 2). This 
system comprised of a video camera, attached to the apex of a stainless steel 
pyramid and pointed down towards a 1m2 quadrat, linked to a database to record the 
video image of the substratum and other data electronically in the field. The video 
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image was then examined to determine the precent cover of seagrass, sponge type 
(conical or non-conical) and the total number of sponges. This system enabled 1,380 
video quadrats to be collected from a study area covering approximately 248 km2, 
ranging in water depth from < 1 m to 16 m. The survey was completed in 16 days 
and an average of 18 videos per hour was recorded. 
 
Fourteen percent of the 1,380 video samples contained sponges and only 4% 
contained conical sponges. Sponges were not observed in water depths of < 10 m. 
The depth data for each sample were interpolated to create a digital elevation model 
(DEM) for the Western Gulf. This bathymetric map shows deep narrow channels in 
the north western region of the study area where conical sponges appeared to 
aggregate (Chapter 3). The distribution of conical sponges varied from west to east 
when travelling from north to south in the study area. Generalised linear models 
showed that the predicted probability of the occurrence and number of conical 
sponges increased with increasing depth. In contrast, the predicted probability of the 
occurrence and cover of seagrass decreased with increasing depth. Sponges were 
not observed in the seagrass beds. The mean sponge density estimated for water > 
10 m deep was lower along 50 m transects swims (n=24) (<0.05 ± SE 0.01 m2), than 
from the video quadrats (0.37 ± SE 0.03 m2).  
 
During two field seasons to the Western Gulf of Shark Bay (in 2007 and 2008), 42 
sponging dolphins have been identified by researchers at the University of Zurich. 
Foraging sponging dolphins were found in a mean depth of 13.3 m, similar to that of 
conical sponges (13.5 m) and greater than the mean depth for the foraging non-
sponging dolphins (9.8 m).  
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Similar to conical sponges, the presence of sponging dolphins increased significantly 
with increasing water depth. However, no significant evidence was found to show 
that the distribution of conical sponges may influence the distribution of sponging 
behaviour in bottlenose dolphins in the Western Gulf of Shark Bay. 
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1 Introduction 
Shark Bay bottlenose dolphins have been observed carrying marine sponges on 
their rostra. It is believed that the sponges function to protect the rostra while 
foraging for prey in the substratum, a behaviour termed “sponging” (Smolker et al., 
1997).  It has been suggested that sponging is the first documented case of vertically 
transmitted material culture in cetaceans i.e. passed from parent to offspring 
(Krützen et al., 2005). However, the role of social learning and its importance in 
foraging variation in non-human animals fuels a healthy scientific debate (e.g. 
Rendell and Whitehead, 2001; Laland and Hoppitt, 2003; Laland and Janik, 2006a; 
Laland and Janik, 2006b; Krützen et al., 2007).  
 
Typically, ecological and genetic factors are discounted by researchers, which 
leaves social learning as the sole explanation for variation in behaviour between and 
among groups (e.g. McGrew et al., 1997; Whiten et al., 1999; Rendell and 
Whitehead, 2001; Laland and Hoppitt, 2003; Van Schaik et al., 2003a). However, 
correlations between behavioural and ecological variables are to be expected, 
because culture is a source of adaptive behaviour, enabling animals to learn about 
and exploit environmental resources (Laland and Janik, 2006a). Some foraging 
behaviours in animals that had been assumed to lack ecological explanations have 
later been found to have significant correlations with the distribution of prey (and 
their behaviours) or habitats (Humle and Matsuzawa, 2002). Before attributing 
behaviours to culture, it is therefore important to determine the possible ecological 
determinants of behaviour (Sargeant et al., 2007). 
In this study I investigated the distribution and density of marine sponges along 
transect lines in the Western Gulf of Shark Bay, Western Australia. Patterns of 
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conical sponge distribution and other ecological measures were then used to 
investigate whether they could be used to predict sponging behaviour in Shark Bay 
bottlenose dolphins in the Western Gulf. 
 
1.1 Culture and tool use in animals 
1.1.1 Culture 
Many animal species, including humans, acquire their behaviour via genetic 
transmission, individual learning and social learning with the contribution of each of 
these sources varying for different behaviours (Boesch et al., 1998). The acquisition 
of behaviour by culture, however, has usually been attributed only to human beings 
(Boesch et al., 1998). Human cultures include material belongings, beliefs, social 
rules, knowledge, technologies and language (Boesch, 2003; Whiten and Van 
Schaik, 2007). Perspectives on what constitutes culture vary and many inconsistent 
definitions of culture have arisen over the years (Rendell and Whitehead, 2001).  
The most vigorous debate on the definition of culture appears to be between the 
biological and psychological biases in the definition: biologically centred definitions 
focus mainly on the information transmitted non-genetically among members of a 
group; while psychological centred definitions focus on the cognitive and learning 
mechanisms by which information is transmitted (Boesch et al., 1998). 
Culture and tradition are often used synonymously, although researchers agree 
more readily on the definition of tradition; “a distinctive behaviour pattern shared by 
two or more individuals in a social unit, which persists over time and that new 
practitioners acquire in part through social learning” (Fragaszy and Perry, 2003). For 
example, an individual innovates a solution to a novel problem or a novel solution to 
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an old problem (Kummer and Goodall, 1985), that is transmitted within the 
population through social learning. In this respect, cultural transmission could be 
defined as the characteristics of behaviour that are transmitted by learning from one 
individual to another (Laland and Hoppitt, 2003). Laland and Hoppitt (2003) 
concluded that there was a consensus in all definitions of culture i.e. that culture is 
based on socially learned and socially transmitted information. Consequently, they 
proposed a broad definition that describes culture as “group-typical behaviour 
patterns shared by members of a community that rely on socially learned and 
transmitted information.”  These definitions of culture and tradition appear 
indistinguishable; inferring that the definition of tradition is adequate for defining 
culture. However, in general tradition is used to describe the transmission of 
behaviour via social learning in general, while culture is more rigorously defined as 
“the possession of multiple traditions, spanning different domains of behaviour” 
(Whiten and Van Schaik, 2007), including social customs and foraging techniques 
(Whiten, 2005). Using this definition sponging behaviour in Shark Bay bottlenose 
dolphins would be classified as a vertically transmitted tradition rather than a culture. 
 
It has been suggested that the mechanisms by which behaviours are transmitted 
socially are important in predicting the variation between and among populations 
over time and space (Cavalli-Sforza et al., 1982).  Two mechanisms are important in 
the transmission of behavioural patterns: horizontal transmission and vertical or 
oblique transmission. Horizontal transmission is when a novel behaviour spreads 
rapidly throughout a population within a short period of time, e.g. within a single or 
very few generations and cannot be explained by genetics. Therefore rapid 
ecological change, individual learning or social learning needs to be considered as  
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factors explaining the behavioural variation found in the horizontal transmission of 
behaviour (Rendell and Whitehead, 2001). For example, in the vocal domain it has 
been shown that humpback whales (Megaptera novaeangliae) have distinctive vocal 
repertoires dependent on where they migrate (Noad et al., 2000). Humpback whales 
migrating along the east coast of Australia generally have their own distinctive 
songs. Singing its thought to form part of sexual display, but whether it’s main 
purpose is to repel males or attract females is not known (Noad et al., 2000). In 1995 
and 1996, it was noted that two out of 82 singers on the east coast were singing a 
new, completely different song (Noad et al., 2000). Within approximately two years, 
the new song had been acquired by all migrating east coast humpback whales. 
Moreover, the movement of whales between populations along the west coast to the 
east coast of Australia is believed to have influenced the change in song repertoire 
of the east coast humpback whales (Noad et al., 2000). 
 
When offspring have the behavioural traits characteristic of their parents that cannot 
be explained by genetic or environmental factors, the behaviour has probably been 
acquired by vertical transmission through imitation, teaching or other forms of social 
learning (Rendell and Whitehead, 2001).  Vertical cultural transmission is said to play 
an important role in some cetacean species (Rendell and Whitehead, 2001).  For 
example, killer whales (Orcinus orca) show a particularly dramatic mother-offspring 
feeding behaviour. In the Crozet Islands and off Punta Norte, Argentina killer whales 
intentionally beach themselves to capture elephant seals (Guinet and Bouvier, 
1995), a feeding technique that is “taught” to juvenile killer whales (Guinet and 
Bouvier, 1995). Adult killer whales have been observed pushing their offspring onto 
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the beach, directing them towards prey and assisting when the juvenile becomes 
stuck (Rendell and Whitehead, 2001).  
 
1.1.2 Tool use 
Tool use has been defined as “the external employment of an unattached 
environmental object to alter more efficiently the form, position or condition of 
another object, another organism, or the user itself when the user carries the tool just 
prior to use and is responsible for the effective orientation of the tool” (Beck, 1980).  
Tool use has been observed in many animal groups, however complex and flexible 
tool use appears limited to the order Primates (Sanz and Morgan, 2007), with 
variation among species, populations and individuals (Van Schaik et al., 2003b). 
Tool use has been exhibited in both social and foraging behaviours (Perry and 
Manson, 2003). However, animals vary in their ability to manufacture and use tools 
(Santos et al., 2006). Tool use  has been observed among a diverse range of 
animals including chimpanzees Pan troglodytes (Kummer and Goodall, 1985; Humle 
and Matsuzawa, 2002; Biro et al., 2003; Whiten et al., 2005; Bogart and Pruetz, 
2008; Yamamoto et al., 2008)   orang-utans Pongo pygmaeus (Delgado Jr and Van 
Schaik, 2000; Van Schaik and Knott, 2001; Van Schaik et al., 2003a; Van Schaik et 
al., 2003b), capuchin monkeys (Panger, 1998; Fragaszy et al., 2004), gorillas 
(Breuer et al., 2005), crows (Hunt, 1996; Hunt and Gray, 2003; Kenward et al., 2005; 
Kenward et al., 2006), sea otters Enhydra lutris (Estes, 1980; Estes et al., 2003) and 
bottlenose dolphins Tursiops sp. (Smolker et al., 1997).    
 
Wild capuchin monkeys (Cebus libidinosus) for instance, in a dry woodland habitat of 
Piaui, Brazil, use stones to pound open nuts on various anvils (Fragaszy et al., 
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2004).  Evidence suggests that wild capuchin monkeys at this site routinely use tools 
to crack open nuts and has apparently occurred over many generations (Fragaszy et 
al., 2004; Visalberghi et al., 2007). This hammer and anvil combination is considered 
the most complex form of tool use by any non-human animal and has also been 
observed in chimpanzees (Biro et al., 2003; Fragaszy et al., 2004).  
 
New Caledonian crows (Corvus moneduloides) are the most prolific and advanced 
avian tool users (Hunt, 1996; Kenward et al., 2005; Kenward et al., 2006). They have 
shown remarkable flexibility and innovation in manufacturing hook tools from a wide 
range of materials and a range of stick type tools as well as pandanus tools (Hunt 
and Gray, 2003). Hand reared New Caledonian crows have been shown to 
spontaneously manufacture and use tools without any contact from adults of their 
species or prior demonstration by humans (Kenward et al., 2005). They used twigs 
and fashioned tools using leaves from Pandanus trees. However only some tools 
fashioned from leaves were suitable as probing tools and none resembled the 
‘stepped-cut’ Pandanus tool shaped by New Caledonian crows in the wild (Kenward 
et al., 2005). This may indicate a need for some method of demonstration to hone 
the leaf cutting skill. 
 
1.2 Sponging Dolphins 
In 1984 a long term study of bottlenose dolphins (Tursiops sp.) was established off 
Monkey Mia in the Eastern Gulf of Shark Bay, Western Australia (Connor and 
Smolker, 1985). Shark Bay bottlenose dolphins have been shown to exhibit a diverse 
array of foraging tactics with substantial inter and intra-specific population variation 
(Mann and Sargeant, 2003). This variation in behaviour is said to be comparable to 
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those found in primates (Krützen et al., 2005; Laland and Janik, 2006a). It has been 
suggested that social learning is one mechanism that explains such diversity (Mann 
and Sargeant, 2003; Krützen et al., 2005).  
 
Variation in foraging behaviours in cetaceans has been studied across a number of 
populations (Guinet and Bouvier, 1995; Rendell and Whitehead, 2001; Nowacek, 
2002; Mann and Sargeant, 2003). The foraging success of cetaceans may be linked 
to prey distributions and habitat characteristics (Sargeant et al., 2007). In the Moray 
Firth, Scotland, foraging bottlenose dolphins (Tursiops truncates) distribution has 
been correlated with seabed gradients, which may be associated with prey 
aggregations (Hastie et al., 2004).  The highest densities of foraging Shark Bay 
bottlenose dolphin are often found in shallow seagrass habitats that contain the 
highest densities of prey (Heithaus and Dill, 2002). Ecological factors have been 
linked to foraging variation among groups in some cetacean studies (Chilvers and 
Corkeron, 2001; Benoit-Bird et al., 2004; Whitehead and Rendell, 2004; Sargeant et 
al., 2007). Sargeant et al. (2007) documented the ecological factors in the Eastern 
Gulf of Shark Bay that showed a tight correspondence with three foraging tactics, 
tail-out / peduncle dive foraging, bottom grubbing and sponge carrying in Shark Bay 
bottlenose dolphins.  It has been suggested that these foraging tactics are specific to 
habitats and/or to prey within those habitats (Sargeant et al., 2007). Moreover, the 
patterns of habitat use can help explain individual foraging variations in the Shark 
Bay bottlenose dolphin population and others (Sargeant et al., 2007). However, 
identifying the mechanisms that explain variation in behaviours is challenging as it 
has been suggested they may result from ecological, social and genetic differences 
(Sargeant et al., 2007). 
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Some Shark Bay bottlenose dolphins exhibit a foraging tactic where individuals have 
been observed carrying a conical shaped marine sponge on their rostra, the only 
observed foraging tactic involving tool use in cetaceans (Smolker et al., 1997; Mann 
and Sargeant, 2003; Krützen et al., 2005; Sargeant et al., 2007). It has been 
suggested that the sponges protect the dolphin’s rostrum from abrasion by shells, 
rocks, spines and stingers of other marine organisms while searching for prey in the 
benthos (Smolker et al., 1997). The marine sponge observed on the rostra of the 
dolphins was identified as Echinodictyum mesenterinum (Smolker et al., 1997). 
 
Evidence suggests that humpback dolphins in the Dampier Archipelago, Western 
Australia also carry sponges (Krützen, pers. comm.). Moreover, observations have 
been made in the Hinchinbrook Channel, northeast Queensland, Australia of Indo-
Pacific humpback dolphins (Sousa chinensis) carrying sponges (Parra, 2007).  
Similarities have been drawn between the foraging behaviour of sponging Shark Bay 
bottlenose dolphins and the sponge carrying humpback dolphin. However, it could 




Sponges belong to the phylum Porifera (from the latin porus, pore and fera, bearing) 
and have little or no plane of symmetry. They bear many tiny pores and canals that 
comprise a filter feeding system sufficient for their sessile life habit (Bergquist, 1978; 
Hickman et al., 2003). As with many sessile suspension feeders, water flow 
contributes significantly to marine sponge health (Abdo et al., 2008). Current speed 
is believed to affect sponge growth rate, with slower growth found in areas where 
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currents are weaker (Bell and Barnes, 2000). Their growth pattern can also depend 
on substratum shape and space availability. Thus, the same sponge species can 
differ markedly by size, colour and shape under different environmental conditions 
(Bell and Barnes, 2001; McDonald et al., 2002; Hickman et al., 2003; Henry and 
Hart, 2005; Meroz-Fine et al., 2005). Biological factors such as competition and 
predation also influence the growth of sponges (Henry and Hart, 2005). 
 
Sponges are known to contribute substantially to a diverse range of subtidal marine 
benthic communities spanning tropical reefs (Zea, 1993; Bell, 2008; de Voogd and 
Cleary, 2008), polar regions (Beckley and Branch, 1992; McClintock et al., 2005; 
Johnston et al., 2007), the deep sea (Tendal, 1973) and hard bottom temperate 
zones (Bell and Barnes, 2000). Their morphological plasticity (Bell and Barnes, 
2001; Meroz-Fine et al., 2005), efficient filter feeding (Lesser, 2006), symbiotic 
associations (Wulff, 2006, 2008) and toxicity to other marine organisms (Hickman et 
al., 2003) are thought to contribute considerably to the success of marine sponges in 
diverse habitats. Sponge diversity  has been shown to increase with increasing 
depth to 30m in the Dampier Archipelago (Fromont et al., 2006; Lesser, 2006) and to 
150m throughout the Carribean (Lesser, 2006) and is higher at sites with slight to 
moderate water flow and moderate to high sedimentation, compared to sites with 
fast current flow and low sedimentation (Bell and Barnes, 2000). The extent of 
sponge coverage has also been shown to increase with increasing depth (Sargeant 
et al., 2007).  
 
The sponges carried by dolphins in Shark Bay were conical in shape and identified 
as Echinodictyum mesenterinum class Demospongiae (Smolker et al., 1997). 
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Echinodictyum mesenterinum has previously been termed ‘birds nest’ and is a 
species that is widespread throughout Australian waters and in the Indo-West Pacific 
(Hooper, 1991). It is generally purple in colour although specimens from deeper 
water and turbid areas can lack pigmentation (Hooper, 1991). Echinodictyum. 
mesenterinum has been found in subtidal areas, shallow coastal rocky substrates, 
live and dead coral beds and has a bathymetric distribution from intertidal to 86 m 
depth (Hooper, 1991). The size of E. mesenterinum varies considerably, ranging 
from small vases less then 80 mm high, with a maximum diameter of 60 mm to large 
vase like structures approximately 550 mm high, wait a maximum diameter of 420 
mm (Hooper, 1991). However, little is known on the ecology and biology, particularly 
the growth rate of E. mesenterinum (Fromont, Western Australian Museum, pers. 
comm).  
 
1.4 Benthic Sampling Methodology 
Quantified sampling to test hypotheses about patterns and processes in marine 
habitats is of vital importance in understanding natural processes (Underwood and 
Chapman, 2005). This understanding can then be used to predict changes in 
response to environmental influences and to help in management and conservation 
of diversity (Underwood and Chapman, 2005). Knowledge of spatial distributions of 
marine habitats is essential to marine management and conservation planning in 
coastal zones (Holmes et al., 2008). Sessile biota are important components of 
marine ecosystems and provide essential habitat for other marine flora and fauna 
(Holmes et al., 2008). Destructive sampling techniques are typically prohibited in 
marine protected areas (e.g. Watson et al., 2005), thus alternative methods must be 
employed. The most frequently used method for studying shallow (< 20 m) marine 
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habitats is by SCUBA divers performing an Underwater Visual Census 
(UVC)(Watson et al., 2005). Underwater Visual Census has limitations such as bias 
due to diver behaviour, experience and subjective decision making (Edgar et al., 
2004). For example, both novice and experienced scientific divers have been shown 
to underestimate distance (Harvey et al., 2004). Other disadvantages and biases of 
UVC have been identified and investigated (see Harvey et al., 2002). Remote 
Underwater Video System (RUVS) and Baited Remote Underwater Video Systems 
(BRUVS) have been used to minimise the limitation of UVC and the biases inherent 
in the presence of divers in the study environment (Harvey et al., 2007). These 
video-based techniques are found to be relatively non-destructive, cost effective and 
not limited by depth (Harvey et al., 2007).   
 
Other methods of marine habitat observation include: 
• Underwater Video Mapping System (UVMS), which is a technique that 
captures Global Positioning System (GPS) based georeferenced underwater 
images that allows the mapping of underwater features (Ayers et al., 2007), 
and 
in very deep marine environments:  
• Remotely Operated Vehicles (ROV), a vehicle that is operated underwater but 
remotely controlled from the surface (Shepherd and John, 2001).  
• Autonomous Underwater Vehicles (AUV), free swimming marine robots that 
require little or no human intervention (Desa et al., 2006).  
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1.5 Objectives of the study 
In this study I investigated the distribution and density of marine sponges along 
twelve transects in the Western Gulf of Shark Bay, Western Australia. These 
patterns in the distribution of marine sponges were then used to investigate whether 
the distribution of conical sponges was able to determine the sponging behaviour in 
the Shark Bay bottlenose dolphins in the Western Gulf (data collected by M. Krützen 
and co-workers, University of Zurich). The primary objectives of this study were to: 
1. Develop a non-destructive, cost effective, rapid benthic habitat sampling 
methodology (Chapter 2); 
2. Determine the distribution and density of marine sponges in the region and 
how the distribution is influenced by environmental factors (Chapter 3), and 
3. Determine if the distribution of sponging bottlenose dolphins is determined by 
the distribution of marine sponges (Chapter 4). 
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2 Technology 
2.1 Introduction  
In this chapter an integrated approach was developed to sample benthic marine 
habitats, particularly marine sponges. This approach and the technology were then 
applied to determine the distribution, abundance and density of sponges in the 
Western Gulf of Shark Bay (Chapter 3). The integrated approach included 
developing a system with the following attributes: 
 
1. Provided for the fast, effective deployment and retrieval of video camera and 
frame; 
2. Allowed data to be captured and stored on a database in the field; 
3. Provided a system for storing data and providing easy access to produce: 
a. Summary statistics 
b. Spatial maps (sponge and dolphin distributions) 
c. Links to statistical software programs 
 
Marine benthic sampling methodologies depend upon the focus of the study, the 
nature and scale of the study site and practical and economic considerations (Bale 
and Kenny, 2005). Sampling design should account for the patchiness or 
heterogeneous distribution and abundance of benthic flora and fauna (Underwood 
and Chapman, 2005). The high costs of monitoring marine communities in remote 
sites and the time and cost limitations for sampling, require that the statistically 
rigorous data sets can be collected as quickly as possible (Preskitt et al., 2004). 
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Rigorous and robust data sampling are critical to the analysis of the study 
population, and thus provide the foundation from which statistical inference can be 
made. Experimental design, data analysis and the decisions made on the basis of 
analysis can determine future research directions and management outcomes 
(Quinn and Keough, 2002). With the development of new software packages and 
more powerful computers, more complex data analyses have become readily 
accessible, which allows for more sophisticated data exploration and analyses. 
 
A critical component of my research project was the development of a non 
destructive sampling methodology, rapid in execution and robust in data integrity. 
The architecture of the system consisted of a collection of standalone electronic, 
software and hardware units. When linked, the units allowed for the flow of data from 
a) data acquisition in the field; to b) capture and storage of data into a database; to 
c) data display summaries thus allowing for tracking of progress of research (Figure 
2). In this study, data collection involved recording information on benthic habitats in 
the field and recording images directly into a database with spatial coordinates and 
some environmental data (depth and temperature). Backup routines were also 
developed to circumvent any unexpected hardware failure, which could inevitably 
lead to data loss. 
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Figure 2.1 Data flow diagram of the sampling methodology used to study marine 
benthic habitats in the Western Gulf of Shark Bay, Western Australia.  
 
This chapter describes the development of the standalone units and the dataflow 
system that provide the basis for the rapid and efficient collection of data on 
distribution of marine benthic habitats in the Western Gulf of Shark Bay, Western 
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2.2 Camera and Frame 
2.2.1 Video Camera 
To swiftly, and at low cost, gather information on sponge presence and absence on 
the sea floor, a black and white video camera (waterproof to 30 m) was connected to 
25 m of 4 core security cable. The video cable was connected to a male RCA 
connector; the power cable was connected to a female DC power connector (Figure 
2.2), which has the option to be powered by a 12v DC lighter socket adapter. The 
video output was connected to a video USB 2 video capture card plugged into a 
laptop computer. Videos of the sea floor were recorded using the Ulead Video Studio 
6 software supplied with the video capture card.  
 
Figure 2.2 Underwater camera and connections 
 
In this study, the unit of sampling was a 1 m2 quadrat. To quantify sponge presence 
or absence per sample the camera view was required to enclose a 1m2 quadrat. 
Consequently, to determine the distance of the camera from the sea bed (required to 
view a 1m2 area) the camera viewing angle and refractive index of water were taken 
into account. The camera was stated as having a viewing angle of 90º. However, as 
water has a refractive index of 1.330 objects appear approximately 33% closer than 
their actual distance underwater, reducing the underwater viewing angle of the 
camera to about 60º.  The height of the camera from the sea bed required to enclose 
a 1m2 quadrat in view was calculated from the following relationships: 

















Thus at a height of 866 mm, with a viewing angle of 60º a 1m2 quadrat should be in 
view.  
2.2.2 Frame 
A stainless steel pyramid with a quadratic 1 m2 base was constructed with 10 mm 
rods. The video camera was mounted at the apex of the pyramid, with its lens facing 
down, and directly above the 1m2 quadrat (Plate 2.1a). The height calculated was 
increased to 1m to allow for seawater refraction variation and errors in the 
positioning of the camera.  During the initial testing it became apparent that the 
vertical viewing angle was narrower than the stated specifications (i.e. it was 
probably the horizontal viewing angle) and the camera was unable to view the 
complete quadrat. To determine the vertical viewing angle of the camera, a 1m2 
quadrat was constructed from rope with string running from corner to corner. The 
rope quadrat was weighted down with dive weights in a pool. The camera was then 
raised above the centre of the quadrat until all four sides were in view, at a height of 
1.75 m; the camera height was increased to 1.85 m to allow for refraction variation 
and errors in camera positioning.  
 
A hoist equipped with an electrical winch was constructed on the sampling boat in 
order to deploy and retrieve the frame (Plate 2.1b). The camera cable was taped and 
tie-wrapped to a frame stanchion to minimise damage. Silicon glue was smothered 
over the cable entrance on the camera top to prevent excess cable movement and to 
prevent water entering the camera body. 






Plate 2.1 a) Frame with centrally mounted camera: b) Hoist and electric winch to 
deploy and retrieve the frame. 
 
2.3 Calculating Sample Coordinates 
In 2007 a study of sponging bottlenose dolphins commenced along ten transect lines 
in the Western Gulf of Shark Bay. The ten transects were approximately 11 km in 
length (running west to east across the gulf), 2.5 km apart and were designed to 
cover both shallow and deep water habitats. To investigate if the distribution of 
marine sponges influences sponging behaviour in these bottlenose dolphins, marine 
benthic habitats were sampled along the same transects.  
 
The accurate position of the sampling point is a crucial component of the data 
collected in the field. Excel macros were written to calculate ellipsoid distances, 
forward geodetic azimuth and sample coordinates of each transect. An ellipsoid is a 
mathematical model of the curvature of the earth’s surface, and thus the ellipsoid 
distance is the distance over the earth’s surface based on an ellipsoid model. The 
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geodetic azimuth is the angle in the horizontal plane between the ellipsoidal meridian 
of a point to a second point (bearing). Given the latitude and longitude of a point, the 
forward geodetic azimuth and ellipsoid distance to a second point, the latitude, 
longitude and reverse azimuth of the second point can be calculated. The 
calculations were performed using Vincenty’s calculation of distance from latitude 
and longitude. Vincenty’s formulae can be used to calculate lines ranging from 
centimetres to approximately 20,000 km in length with millimetre accuracy (Vincenty, 
1975). The ellipsoid model used in the calculations was the GRS80 ellipsoid values 
for Australia’s coordinate system (The Geocentric Datum of Australia – GDA), which 
is also compatible with the global coordinate system WGS84 
(http://www.ga.gov.au/geodesy/calcs/).   
 
2.3.1 Forward Geodetic Azimuth 
Firstly, the westerly and easterly coordinates (Table 2.1) of each transect were 
entered into an Excel worksheet “Initial GPS”. An Excel macro then scanned through 
the Initial GPS worksheet sequentially selecting each set of coordinates. Transect 
bearings were calculated using Vincenty’s inverse solution whereby the westerly 
coordinates and easterly coordinates of each transect determine its ellipsoid 
distance and forward geodetic azimuth. In addition, sample points were calculated 
150m and 300m north and south of the westerly and easterly coordinates of each 
transect. The macro used Vincenty’s direct solution, where the starting coordinates, 
bearing and distance to the sample point are used to calculate the latitude and 
longitude of the sample point. Bearings of 0º and 180º were used respectively. Each 
transect consisted of two columns of five westerly and five easterly sample points. 
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The resulting coordinates, bearings and distances were stored in the Initial GPS 
worksheet. 
 
Table 2.1 Westerly and easterly coordinates and bearings of the twelve transects 
surveyed in the Western Gulf of Shark Bay, Western Australia. 
 
Transect Latitude Longitude Latitude Longitude Deg Min Sec
T-2 -25.94717 113.323 -25.9019 113.4207 62 53 36.038
T-1 -25.96151 113.3408 -25.91582 113.4395 62 53 36.038
T0 -25.98678 113.3408 -25.94102 113.4396 62 53 36.038
T1 -26.00192 113.3614 -25.95423 113.4598 61 49 56.926
T2 -26.0189 113.3714 -25.97423 113.4713 63 42 19.928
T3 -26.03515 113.3813 -25.9947 113.483 66 23 22.339
T4 -26.05128 113.3883 -26.0115 113.49 66 37 13.441
T5 -26.0636 113.4013 -26.0237 113.5032 66 35 40.815
T6 -26.08108 113.41 -26.03723 113.5098 64 5 19.134
T7 -26.09857 113.4182 -26.05558 113.5187 64 40 48.840
T8 -26.11805 113.4206 -26.07517 113.5219 64 53 32.793
T9 -26.1323 113.4349 -26.09167 113.5363 66 5 53.866
Forward Geodetic AzimuthWesterly Coordinates Easterly Coordinates
 
 
2.3.2 Sample Point Positioning 
A second Excel macro scanned through the Initial GPS worksheet selecting the 
westerly coordinates and bearing of each transect sequentially. Each transect 
consisted of five rows. Using Vincenty’s direct solution and distance to the next 
sample point, the latitude and longitude were calculated for each sample point at 
intervals of 500 m along each transect row. The northern row identified as “A” the 
southern “E”.  23 sample points x 5 rows = 115 sample points per transect (Figure 
2.3). The final procedure in calculating the sample points was to combine all 
coordinates into a list in preparation for export to the SpongeBase database. To 
uniquely identify each sample point a key consisting of transect (T-2 – T9), sample 
column number (1 – 23) and transect row letter (A – E) was developed. For example 
the north westerly most point of transect T1 was designated as T11A and the north 
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easterly point as T123A. Transects T-1 and T-2 were added north of T0 to extend 
the study area to twelve transects (Figure 2.4). 
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Figure 2.3 Sample points for transect T1 showing columns 1–23 (west–east) 500 m apart, rows A–E (north–south) 150 m apart. 















Does Sponge Distribution Lead to Sponging Behaviour Technology 
23 
 
Figure 2.4 The study area in the Western Gulf of Shark Bay, Western Australia 
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2.4 Database Development 
A relational database “SpongeBase” was created for storing all the raw sample data 
was electronically. This system eliminated a) the stage of data entry and; b) the need 
for large amounts of data to be recorded on paper. It also reduced the potential for 
data loss, and managed the interrogation and manipulation of the structured query 
language (SQL). This system also provided a good interface for accessing the data 
from other applications such as GIS and statistical analysis packages. SpongeBase 
was developed using MS Access (Figure 2.5). MS Access was chosen due to its 
availability and integration capabilities with many other PC software applications.  
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Figure 2.5 The SpongeBase data structure showing tables, their relationships and referential integrity. 
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2.4.1 Database Tables 
The table design wizard in MS Access 2003 was used to create eight tables in 
SpongeBase (Table 2.2; Figure 2.5) to store the data from the Western Gulf of Shark 
Bay. Full details of the data tables, variables and data formats are provided in 
Appendix A. 
 
Table 2.2 Database tables and their descriptions created in SpongeBase. 
 
Table Name Description 
azimuth Transect bearing data, linked to the transects 
table via azimuthID. 
division Study area zones, North, Middle and South 
look up table, linked to the samples table by 
zoneid. 
nonSpongers Non – sponging dolphin data. 
samples Main storage object containing sample data, 
linked to the transects table via transectid, 
linked to division via zoneid, linked to the 
sample point density transect table 
spongePoints via sampleid. 
spongeDensityTransectDirection Transect direction North, East, South and West 
look up table, linked to the spongePoints table 
via directionid. 
spongePoints Sample point transects data linked to the 
samples table via sampleid, linked to the 
spongeDensityTransectDirection table via 
directionid. 
spongerDataComplete Sponging dolphin data. 
transects Transect T-2 – T9 lookup table, linked to 
sample table via transectid. 
 
The import spreadsheet wizard was used to import transect names, bearings, 
sample names, sample latitude and longitude coordinates into SpongeBase from the 
Excel spreadsheet containing the calculated sample coordinates prior to field work 
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commencing. The sample numbers and sample names were then used as unique 
index reference keys in order to import sample data collected during field sampling. 
 
2.4.2 Database Queries 
“Queries” were used to interrogate the raw data in Tables within the relational 
database, subsequently creating a dynamic view of the data based upon some 
criteria.  Queries in SpongeBase were developed using the query design wizard in 
MS Access 2003. Queries aid the transfer of data to other applications such as the 
GIS software package IDRISI and statistical packages Microsoft Excel and Minitab.   
 
To facilitate data integration to other software applications three groups of queries 
were developed to: 
1) integrate with the IDRISI GIS software application and create vector layers 
illustrating the distribution and density sample points, the spatial distribution of 
marine sponges, sponging dolphins and non – sponging dolphins. To create a 
digital elevation model (DEM) from the interpolation of sample depths giving an 
idea of the bathymetry of the study area (Table 2.3).   
2) integrate with statistical software packages such as Excel and Minitab to create 
graphical and tabular representations of summary data, to perform statistical 
analysis and to randomly select sample points > 10m depth for sponge density 
analysis (Table 2.4).  
3)  integrate with the web interface for data retrieval. This was undertaken using the 
qryGetSample query with sample name and transect as criteria. 
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Table 2.3 The SpongeBase queries and their descriptions developed for integration 
with the IDRISI GIS software application. 
 
Query Description 
qryActualSamplePoints Latitude and Longitude taken at each sample 
point.  
qryCalculatedSamplePoints Latitude and Longitude calculated using 
Vincenty’s formulae. 
qryConicalSponges Latitude and Longitude of samples containing 
conical sponges. 
qryDensitySamplePointDetail All sample data relating to sponge density 50m 
transect dives. 
qryDensitySamplePointDetailNorth Sponge density samples dived in a northerly 
direction. 
qryDensitySamplePointDetailEast Sponge density samples dived in an easterly 
direction. 
qryDensitySamplePointDetailSouth Sponge density samples dived in a southerly 
direction. 
qryDensitySamplePointDetailWest Sponge density samples dived in a westerly 
direction. 
qryDepthCoordinates Depths of all sample points. Used to generate 
a digital elevation model in IDRISI interpolated 
from the depths of all sample points. 
qryNonSpongersTS  Non – sponging dolphin data observed while 
traversing transects. 
qryNorthernTransects All samples with a depth > 10m in the northern 
zone of the study area. 
qryMiddleTransects All samples with a depth > 10m in the middle 
zone of the study area. 
qrySouthernTransects All samples with a depth > 10m in the southern 
zone of the study area. 
qrySpongeLocation Coordinates for all samples containing 
sponges. 
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Table 2.4 The queries developed to integrate with statistical software applications. 
 
Query Description 
qryDepthDistribution Depth categories used by Excel to create a 
histogram of the depth distribution. 
qryTempDistribution Temperature categories used by Excel to 
create a histogram of the temperature 
distribution. 
qryT-2 to qryT9 Sample data within transect. 
qrySpongersDepth Sponging dolphin mean in depth categories.
qryNonSpongersDepth Non – sponging dolphin mean in depth 
categories. 
 
qryGetSample Complete study site sample data. 
qryTransectSummaryData Transect T-2 – T9 summary data. 
qryZoneSummaryData Zone north, middle, south summary data. 
qryTotalSummaryData Summary data for study area. 
 
 
2.4.3 Web Interface 
A web interface was developed to quickly examine the videos and record information 
on the sponges based on various criteria e.g. by sample (Figure 2.6) or by transect 
(Figure 2.7).  
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Figure 2.6 A sample retrieved from SpongeBase using the web interface with 
sample number as the criteria. 
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Figure 2.7 A list of samples retrieved from SpongeBase using the web interface with 
transect as the criterion. 
 
2.5 GIS Software 
A Seafarer® GeoTIFF nautical chart (AUS749) provided by the Australian 
Hydrographic Service (http://www.hydro.gov.au) was imported as a raster file into 
IDRISI, The Andes Edition version 15.01 GIS application. IDRISI was then 
connected to SpongeBase and vector layers were created based on queries 
developed in the database (Figure 2.8). Vector files were overlaid on the AUS749 
nautical chart showing the spatial distribution of sample variables.  
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Figure 2.8 IDRISI Andes GIS software connected to SpongeBase showing vector 




2.6 Integration with other software 
Data stored in the central database can be accessed in various ways:  
1. Data can be exported in a number of formats to allow other software 
applications to manipulate the data. For example a view or table can be 
exported as an Excel spreadsheet with the data manipulated within Excel to 
perform statistical analyses.  The data can be also be exported as dBase 
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databases, XML files or linked to a database server e.g. Oracle, SQL Server 
using open database connectivity (ODBC). 
2. The database can be accessed directly by other software applications e.g. 
Excel, Minitab, SPSS and other database systems including Oracle, SQL 
Server using open database connectivity (ODBC) or bespoke web 
applications. The IDRISI GIS software application can readily link to the 





The non-destructive, cost effective integrated benthic sampling methodology 
developed in this study resulted in rapid field sampling to collect 1380 samples over 
a large area in western Shark Bay, covering approximately 80 km2 (Chapter 3). 
Three people on board the boat were sufficient to complete the sampling regime. An 
average of 18 samples was collected per hour during the field sampling, despite this 
time including the initial learning phase in deploying the methodology.  The 
maximum number of samples taken on any one day was 180.  
 
The digital technology presented in this chapter contributed greatly to the efficiency 
of sampling in the field. With a laptop computer recording videos of the benthic 
habitat samples in real time and the sample description variables entered directly 
into a database, the raw data were quickly placed in reliable permanent storage. 
Thus, diverse software applications have immediate access to the data which 
reduces data processing time.  This allowed spatial maps of the distribution of 
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samples and sponges to be produced at the end of each day of sampling. The high 
cost of monitoring marine benthic habitats in remote areas requires cost effective 
sampling methodologies that collect statistically valid data as quickly as possible 
(Preskitt et al., 2004).  Other cost effective non-destructive video technologies have 
been shown to accurately observe both marine benthic habitats (Cappo et al., 2007; 
Holmes et al., 2007; Holmes et al., 2008) and fish assemblages (Harvey et al., 2002; 
Harvey et al., 2004; Watson et al., 2005; Harvey et al., 2007; Watson et al., 2007) . 
 
Like many field study sites, the Western Gulf of Shark Bay is a remote location, 
about 9 hours (900 kms) from Perth by road and about 2 hours from Carnarvon, the 
closest regional centre. Thus, it is paramount that the correct tools and sufficient 
backup equipment is available, should any problems arise. The low cost of the 
system allowed a total of three underwater cameras in total to be purchased, which 
was more than sufficient for this study. The initial weakness in the system was the 
waterproofing of the cable connections underwater. However, this fault was quickly 
rectified and once the leaks were sealed, a single camera was sufficient for the 
entire field trip. As data were stored in electronic format, backup procedures were an 
important daily task. The data were backed up on an external hard drive and a 
thumb drive to limit data loss in case the main hardware failed.   
 
The database can be extended easily to include data from different field sites, which 
would allow for easy comparisons between different marine systems. This sampling 
system may also be adapted for other purposes e.g. if data from underwater 
transects are required for ground truthing, the camera could be attached to a dive 
mask, and a hands free video of the transect swim could be captured and analysed 
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after the dive. It is also possible to connect the underwater camera to a camcorder 
as an alternative to a laptop computer. The GPS coordinates for sample points at 
different field sites can be calculated by modifying the Excel spreadsheet macro. The 
camera for this study was mounted directly above the quadrat. However, the camera 
could be mounted at an angle to the quadrat, which would give an alternative 
perspective of the marine benthos. Underwater lights could be added to the camera 
frame to increase illumination in deeper waters or at night. 
 
The methods for ecological assessment and monitoring methods are dictated by the 
purpose of the study (Preskitt et al., 2004; Underwood and Chapman, 2005). The 
sampling methodology developed in this study was designed to determine the 
presence or absence of large sessile sponges in the marine benthic community and 
be able to count them. It also proved effective for estimating the area covered by the 
seagrass Amphibolis antarctica (Chapter 3). If it is necessary to identify the taxa for 
lower taxonomic levels, and describe the benthic community in greater detail, this 
sampling method may need to be modified.  
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3 Distribution and Density of Sponges 
3.1 Introduction 
In this Chapter, I have determined the distribution of sponges and seagrasses in 
Western Shark Bay, Western Australia, and how the distribution of sponges is 
affected by factors such as water depth and the presence of seagrasses.  This 
information provides the basis for the investigation of the role of habitat in 
determining the distribution of sponging dolphins in the region (Chapter 4). 
 
Sponges and seagrasses 
The family Demospongiae comprise approximately 80% of all sponge species and 
are capable of both sexual and asexual reproduction (Bergquist, 1978; Hickman et 
al., 2003). Sponges are filter feeders and water flow contributes significantly to the 
health of marine sponges (Abdo et al., 2008). Current speed is believed to affect 
sponge growth rate, with slower growth found in areas where currents are weaker 
(Bell and Barnes, 2000). They are very robust and can survive drought, freezing and 
more than three months in the absence of oxygen. With the return of favourable 
conditions their internal cells can develop into new sponges (Bergquist, 1978; 
Hickman et al., 2003). Studies have found that the timing of reproductive activity in 
marine sponges is related to an increase in sea temperature (Fromont, 1999; Bell, 
2008). Sponges are also able to readily regenerate injured and lost parts (Fromont, 
1999; Hickman et al., 2003; Henry and Hart, 2005). 
 
Seagrasses are generally found in the soft sediments of near shore marine 
environments and are light limited (Edgar, 2003; Gillanders, 2007; Leoni et al., 
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2008). They may also be influenced by turbidity, sedimentation, nutrient levels, 
temperature, salinity, current and wave action (Gillanders, 2007).  Seagrass 
meadows play a critical role in maintaining marine biological productivity and 
biogeochemical cycles (Gillanders, 2007; Holmes et al., 2007). They support a high 
number of species including the juveniles of many commercially and recreationally 
important fish, and are important indicators of disturbance in coastal marine systems 
(Travers and Potter, 2002; Gillanders, 2007; Holmes et al., 2007; Leoni et al., 2008). 
Anthropogenic factors such as urbanisation, dumping sludge, sewage discharge 
including industrial wastes, fertilisers, dredging and poor catchment management 
can lead to seagrass loss. (Gillanders, 2007).  
 
Seagrasses are typically restricted to shallow waters, but have been found to depths 
of 70 m in clear waters such as those in of the Great Barrier Reef (Gillanders, 2007). 
Shark Bay is a world heritage area, and is a large shallow marine embayment in an 
isolated region of Western Australia. Nearly one third of its substratum is covered by 
seagrass meadows (Travers and Potter, 2002). Shark Bay consists of over 4000 
square kilometres of seagrass mostly dominated by Amphibolis Antarctica, which 
accounts for about 85% of the seagrasses in the Bay (Walker et al., 1988). Shark 
Bay includes the Wooramel seagrass bank, the largest seagrass bed in the world 
(Huisman, 2000; Gillanders, 2007).  
 
In order to determine whether sponge distribution is an important factor in 
determining the distribution of sponging dolphin behaviour, it is important to 
understand which factors influence the distribution and density of sponges. The aims 
of this chapter were to: 
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1. Quantify the distribution of sponges in the Western Gulf of Shark Bay 
2. Assess the factors that affect the distribution of sponges, particularly 
bathymetry, presence of seagrass and location within the region of interest 
The distribution of sponges in the region was therefore surveyed along the same 
transect lines that have been used to study dolphin sponging behaviour in the 
Western Gulf of Shark Bay(Bacher, 2008). After an initial large survey of the 
sponges, further sampling was conducted in three different zones where conical 
sponges had been found. The results from this chapter provide the information for 
evaluating the overall aim of the thesis: to test whether the distribution of sponges is 
a significant factor in the sponging behaviour of bottlenose dolphins in the Western 
Gulf of Shark Bay (Chapter 4). 
 
3.2 Materials and Methods 
3.2.1 Study Site 
Shark Bay, approximately 800 km north of Perth, is a semi-enclosed bay that lies on 
the extreme western coast of Australia between 24ºS and 27ºS. It comprises two 
large shallow embayments, numerous islands and a coastline that is over 1,500 km 
long. Shark Bay was included on the World Heritage list in 1991, satisfying all four 
natural criteria for world heritage listing, i.e. natural beauty, biological diversity, 
ecological processes and earth’s history.  The Shark Bay marine environment is 
relatively shallow throughout and consists of extensive seagrass meadows, shallow 
sand flats, embayment plains and deeper channels (Sargeant et al., 2007). A long 
term study of the Shark Bay bottlenose dolphins (Tursiops sp.) was established off 
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Monkey Mia in the Eastern Gulf in 1984 (Connor and Smolker, 1985) with over 1200 
animals identified during this continuing research program (Sargeant et al., 2007). 
 
The Western Gulf of Shark Bay is located to the west of Monkey Mia, separated from 
it by the Peron Penninsula (Figure 3.1). A preliminary study identifying sponging and 
non-sponging bottlenose dolphins commenced in the Western Gulf in June 2007 
(Krützen, M., University of Zurich unpublished data). This study of marine sponge 




Figure 3.1 The location of Shark Bay, Western Australia showing the Eastern Gulf 
and Western Gulf.  
Western Gulf
Eastern Gulf
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Determining the distribution of sponges 
The distribution of sponges was sampled in two ways: a broad scale, intensive 
sampling program using 1m2 quadrats and the video system developed in Chapter 2; 




Quadrat sampling for sponges 
The video system was deployed along the 10 transect lines (T1 to T9) used to 
survey sponging dolphins in 2007 (Ackermann, 2008; Bacher, 2008). These 
transects were about 6 nm in length and 2.5 km apart. In addition, sponges were 
surveyed along two new transects, T-1 and T-2, that were north of and parallel to 
transect T0 to extend the study area to twelve transects (Figure 3.2) 
 
A 5.5 m outboard boat navigated the 12 transects (T-2 – T9), in no predetermined 
order. Each transect consisted of 23 columns going from west to east, each column 
separated by 500 m and with 5 sample points per column (rows) 150 m apart. A total 
of 115 sample points were therefore allocated to each transect (Figure 3.2). A 
sample point is located where rows and columns converge. For each transect, 
sample points were described by transect name (T-2 to T9), column number (1 – 23) 
and row number (A – E). For example, sample point T123E is Transect 1, 23rd 
sample area (column), southern most point (Figure 3.3). To navigate transects, a 
starting sample point for each transect was selected, depending on the direction of 
approach the boat would negotiate north or south along each transect column whilst 
traversing each transect (Figure 3.3). Sampling was undertaken when sea conditions 
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Figure 3.2 The twelve systematic transect lines with sample points (115 per 
transect) carried out to determine the distribution of sponges in the Western Gulf of 
Shark Bay, Western Australia. 
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The coordinates of the predetermined sampling locations along transects were 
exported from SpongeBase (Chapter 2) to an Excel spreadsheet and subsequently 
uploaded to a GPS unit. A boat, equipped with a GPS unit, was then navigated to 
within 10 m of each sampling point, slowed to a stop and put into neutral, the camera 
and frame quadrat were lowered to the sea bed and a short video of the sea floor 
was captured on the laptop. The GPS coordinates at the time of recording, date, 
time, depth, temperature and cloud cover were all recorded in SpongeBase, Excel or 
on paper. The camera and frame were retrieved, either by hand or electric winch and 
the boat navigated to the next sample point. At the end of each sampling day, the 
actual sampling point locations were imported into SpongeBase. The web interface 
was used to analyse the videos. The following were recorded from each video 
capture (i.e. each sample point): sponge type (conical vs non-conical), number of 
sponges and the % cover of seagrass. Percentage seagrass cover was determined 
using categories 0, 0-25%, 25-50%, 50-75% and 75-100%. 
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Figure 3.3 The sample points on Transect T1 in the Western Gulf of Shark Bay, with arrows indicating the sequence of sampling 
points along the transect. 
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Transect sampling for sponges 
A preliminary examination of the data obtained during the sponge distribution 
surveys showed that the majority of the sponges were found in water > 10 m deep 
(see results section 3.3.A). To further examine the density of sponges in the Western 
Gulf a stratified sampling method was employed in the deep water. The study site 
was divided into three zones North (T-2 – T1), Middle (T2 – T5) and South (T6 –T9). 
Each zone contained four of the previously described transects and covered an area 
of about 82.5 km2 (with dimensions of 7.5 km x 11 km). Eight random sample sites 
were chosen in each zone with depths > 10 m. and sponges were counted along a 
50 m transect line (2 m wide). The direction of swimming along the transect line i.e. 
north, east, south and west was randomly selected for each sample (Figure 3.4). A 
total area of 2,400 m2 was sampled during the transect swims. 
 
A 5.5m boat was used to navigate the sample points. On reaching a sample area the 
boat was anchored, a Hookah Dive System (Plate 3.1) was deployed and date, time, 
water temperature, depth, latitude and longitude were recorded. A diver then entered 
the water and swam along a 50m transect line in the direction selected. The number 
and type of sponges observed within 1 m either side of the transect line were 
recorded (i.e. covering an area of 100 m2). In addition, underwater digital 
photographs were taken to validate the identification of sponges from the video 
frames. 
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Figure 3.4 Sampling zones in the Western Gulf of Shark Bay (North, Middle and 
South) showing where 50 m transects were swum to record sponge densities. The 
direction of transects and depth were randomly selected from distribution sample 
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Plate 3.1 The Hookah Dive System used to swim 50 m transects and record sponge 
density counts, showing two 20m regulator hoses, inner tube floatation device and 
compressor. Photo: Martin Pepper. 
 
 
Ground truthing sponge images recorded in video frames 
In order to ground truth the images captured from video, the frame and camera were 
lowered to the substratum, and sponges were manually collected from different 
depths and placed individually in the quadrat by a diver.  A short video was captured 
and this video, and still photographs of the collected sponges (Plate 3.2), were used 
to assist in identifying the sponges captured during video sampling.  
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Plate 3.2 A conical sponge, possibly Echinodictyum mesenterinum photographed in 
the Western Gulf of Shark Bay in May 2008. 
 
3.2.2 Data Analyses 
Spatial analysis of sponge distribution 
The spatial distribution of sponges was examined using IDRISI 15.01 Andes Edition 
GIS software. The IDRISI software was incompatible with the compressed GeoTIFF 
raster file format in which the Seafarer GeoTIFF nautical chart AUS749 was 
supplied. Thus, the nautical chart was converted to a geo-referenced JPEG raster 
image using ENVI software and imported into IDRISI using the LATLONG reference 
system, with the reference units in degrees. The AUS749 nautical chart covers the 
whole of the Western Gulf of Shark Bay, thus the WINDOW module within IDRISI 
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was used to create a georeferenced image of the study area in the Western Gulf 
only.  
 
IDRISI was linked to SpongeBase and point vector files were created from queries 
and layered upon the nautical chart producing spatial distribution maps of all 
sponges, conical sponges and non-conical sponges. A digital elevation model (DEM) 
was produced from the depth recordings for each sample point by interpolation to 
produce and interpretation of the bathymetry of the sample site.  
 
Statistical analyses 
Statistical analyses were undertaken using SPSS v16.0.2. Data were exported from 
SpongeBase; summary tables and charts were generated. Pearson correlations 
were calculated for the relationships between total sponge count, conical sponge 
count, non-conical sponge count and seagrasses with depth. Binary logistic and log-
linear generalised linear models were developed to determine whether the presence 
/ absence of sponges were significantly related to a number of factors (depth; 
presence / absence of seagrass. Eastings and northings were calculated from the 
longitude and latitude of the sample points, rotated 30º and used as factors in the 
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Binary Logistic Generalised Linear Model 
The relationship between presence and absence of conical sponges or seagrass 
with depth was explored using a binary logistic regression with a Link Function: 
Logit : g(x) = β0 + β1(x)i1 + β2(x)i2 + β3(x)i3 + …. 
where g(x) is the natural log (ln) of the odds of conical sponges and seagrass 
occurring. The predictor variables explored in these analyses were depth, presence 
of seagrass and location of the sample. The log maximum likelihood was calculated 
for each model and the log-likelihood ratio calculated to compare models of different 
complexity.  The significance of adding a new predictor to the model was tested by 
comparing the model with the new predictor to the previous model. The likelihood 
ratio (χ2 or G2) statistic was calculated to determine the fit of the model. The amount 
of uncertainty in the presence of conical sponges explained by the model was also 
calculated. 
 
Log Linear Poisson Generalised Linear Model 
The relationship between the number of conical sponge or seagrass cover with 
depth was explored using a log-linear poission generalised linear model with a log-
linear link function: 
 log(µ) = β0 + β1(x)i1 + β2(x)i2 + β3(x)i3 +…. 
where log(µ) is the log of the mean of the number of conical sponges or the mean 
percentage seagrass cover, both with poisson distributions. The log maximum 
likelihood was calculated for the models and the log-likelihood ratio calculated. The 
significance of adding a new predictor to the model was tested by comparing the 
model with the new predictor to the previous model. The likelihood ratio was 
calculated to determine the fit of the model. 
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3.3 Results 
In the quadrat survey of sponge distribution a total of 1,380 videos were recorded 
covering an area of approximately 247.5 km2 in the Western Gulf of Shark Bay. An 
average of 18 videos, with associated information on depth, temperature, latitude, 
longitude was recorded every hour over the 16 days of the survey. 
 
Bathymetry 
The bathymetry of the Western Gulf indicates two distinct channels at the northern 
end with the deeper (to 16 m) channel to the west (Figure 3.5). These channels 
appear to converge just south of T1 (Figure 3.5) and divide into two at T5 where they 
moved east. At this point they are not as deep (to 14 m) as in the north west of the 
Western Gulf. Depths of between 15 m and 16 m were found predominantly in the 
western areas of the study site from T-2 to T4, although T7, T8 and T9 also recorded 
small patches where the water depth reached 15 m (Figure 3.5).   
More sponges were found on the western than eastern end of transects T-2 to T2. 
Further south, along transects T3 to T9 the distribution of sponges appears to move 
gradually from the west to the middle and eastern areas (Figure 3.5). Conical 
sponges were more prominent in the western areas of transects T0, T1 and T2, and 
were sparser south of T2. No conical sponges were recorded south of T7 (Figure 
3.5). Twenty nine of the sponge samples contained both conical and non-conical 
sponges. 
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Figure 3.5 The spatial distribution of marine sponges along twelve surveyed 















Conical and Non-Conical 
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3.3.1 Sponge Distribution 
Quadrats 
Sponges were found in 196 (14.2%) of the 1,380 samples, with conical sponges in 
56 samples (4.1%, Table 3.1).  The percentage of samples with sponges in each 
transect ranged from 3% (T-2) to 27% (T0) and from 0% (T8 and T9) to 14% (T0) for 
conical sponges. Conical sponges were not found along transects T8 and T9. The 
mean number of sponges per quadrat ranged from 0.08 ± 0.05 (T-2) to 0.50 ± 0.09 
(T0), and from 0 (T8 and T9) to 0.20 (T0) for conical sponges.  Six percent of 
samples contained conical sponges in the Northern zone which decreased towards 
the south, with only 2% of samples containing conical sponges in the Southern zone 
(Table 3.1). The mean number of sponges and conical sponges also showed a 
decrease from north to south. 
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Table 3.1 Sponge distribution data for each transect, zone and the whole study site of the Western Gulf of Shark Bay, Western. A 









% of quadrats 
with sponges
% of quadrats 
with conical 
sponges
% of quadrats 
with non-conical 
sponges
Mean no. of 
sponges per 
quadrat ± SE
Mean no. of 
conical sponges 
per quadrat ± SE




Mean Depth ± 
SE (m)
Mean Temp  ± 
SE (ºC)
T-2 3 2 2 0.08 ± 0.05 0.04 ± 0.03 0.03 ± 0.03 10.1 ± 0.26 24.0 ± 0.01
T-1 15 1 14 0.18 ± 0.05 0.01 ± 0.01 0.17 ± 0.04 10.3 ± 0.25 23.3 ± 0.02
T0 27 14 19 0.50 ± 0.09 0.20 ± 0.05 0.30 ± 0.06 10.5 ± 0.29 23.8 ± 0.02
T1 16 7 12 0.40 ± 0.11 0.11 ± 0.04 0.30 ± 0.09 11.0 ± 0.27 24.0 ± 0.07
T2 13 8 11 0.24 ± 0.07 0.10 ± 0.04 0.14 ± 0.04 10.9 ± 0.32 24.0 ± 0.07
T3 12 3 10 0.22 ± 0.07 0.03 ± 0.02 0.18 ± 0.07 10.9 ± 0.34 23.2 ± 0.07
T4 19 6 17 0.25 ± 0.05 0.06 ± 0.02 0.19 ± 0.04 11.2 ± 0.32 23.4 ± 0.06
T5 10 3 10 0.20 ± 0.07 0.03 ± 0.02 0.17 ± 0.05 11.4 ± 0.27 22.7 ± 0.01
T6 12 2 11 0.15 ± 0.04 0.02 ± 0.01 0.14 ± 0.04 11.5 ± 0.28 23.5 ± 0.02
T7 22 4 18 0.29 ± 0.07 0.04 ± 0.02 0.24 ± 0.06 11.1 ± 0.29 23.6 ± 0.01
T8 12 0 12 0.17 ± 0.05 0.00 0.17 ± 0.05 10.8 ± 0.30 23.0 ± 0.11
T9 10 0 10 0.10 ± 0.03 0.00 0.10 ± 0.02 10.7 ± 0.30 22.0 ± 0.02
Zone 
North (T-2 to T1) 15 6 12 0.29 ± 0.04 0.09 ± 0.02 0.20 ± 0.03 10.5 ± 0.13 23.8 ± 0.02
Middle (T2 to T5) 14 5 12 0.23 ± 0.03 0.06 ± 0.01 0.17 ± 0.03 11.1 ± 0.16 23.3 ± 0.04
South (T6 to T9) 14 2 13 0.17 ± 0.02 0.02 ± 0.01 0.16 ± 0.02 11.0 ± 0.15 23.3 ± 0.03
Total 
Western Gulf 14 4 12 0.23 ± 0.02 0.05 ± 0.01 0.18 ± 0.02 10.9 ± 0.08 23.5 ± 0.02
Samples 196 56 169
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Samples were taken in depths ranging from less than 1 m to more than 16 m, with 
more samples taken between 12.5 m and 14.5 m (Figure 3.6a). In general, sponges 
were found in depths of > 7.5m to a maximum of just above 16 m and were more 








































































































Figure 3.6 The number of samples in different depth categories for a) depth, b) all 
sponges, c) conical sponges and d) non-conical sponges in the Western Gulf of 
Shark Bay, Western Australia. 
 
 
The mean depth where all sponges were found was 13.3 m, while the mean depths 
of samples with conical sponges and non-conical sponges were similar (13.5 m and 
13.4 m respectively). The depths in which sponges were found ranged between 10.1 
m and 16 m for all sponges, 10.1 m and 15.7 m for conical sponges and 11.1, and 
16 m for non-conical sponges. Approximately 30% of samples in deeper water 
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The number of conical, non-conical and total sponges was significantly positively 
correlated with depth (Table 3.2). However, the correlation coefficients for all 
relationships were low (<0.26) and hence the proportion of variation explained by 
depth was low. In contrast, seagrasses had a high negative correlation with depth (r 
= -0.78, Table 3.2). 
 
Table 3.2 The Pearson correlation coefficients and significance levels for the 
relationship between the number of sponges and seagrasses with depth in the 
Western Gulf of Shark Bay, Western Australia. n=1380 
 
Sponge Type Correlation Coefficient p value 
Conical sponges 0.16 <0.005 
Non-conical sponges 0.24 <0.005 
Total sponges 0.26 <0.005 
Seagrasses -0.78 <0.005 
 
 
Conical sponges were found only at depths greater than 10 m (Figure 3.7), where 
they were found in 4% of the 1380 samples.  In contrast, seagrasses were found in 
depths from 1 m to 11.8 m and were absent from the deeper water (cf Figure 3.7 and 
Figure 3.8). 
 






























Figure 3.7 The relationship between the presence (1) and absence (0) of conical 


























Figure 3.8 The relationship between presence (1) and absence (0) of seagrass and 
water depth.  
 
 
Does Sponge Distribution Lead to Sponging Behaviour Distribution of Sponges 
57 
Logistic Regression 
The predicted probability of occurrence of conical sponges with depth, from the 
logistic model with depth, was 0 until a depth of about 6 m, then increased slowly to 
10% at about 14 m reaching a maximum of 18% at 16 m (Figure 3.9). The predicted 
probability of seagrass occurrence with depth showed the opposite pattern to that for 
sponges - it was 100% from less than 1 m to 6 m, decreased to 90% at about 8 m 
and then rapidly decreased to about 5% at 12 m (Figure 3.9),   similar to the value 
for the probability of the occurrence of conical sponges at this depth.  
 
The odds ratio from the logistic regression for conical sponge presence with depth 
was estimated as 1.59 (95% confidence interval = 1.36 to 1.86).  As the odds are > 
1, the predicted probability that conical sponges occur with depth is greater than 
conical sponges not occurring, i.e. for every 1 m increase in depth there is a 1.59 
increase in the predicted probability of a conical sponge occurring. The log-likelihood 
of the full model (g(x) = β0 + β1 (depth)) was -207.30, the null model (g(x) = β0) log-
likelihood was -234.30, the (G2 statistic=53.99, df=1) was highly significant 
(p<0.001). The coefficient of determination for logistic regression is similar to 
comparing the sum of squares of the residuals in linear regression (Menard, 2000). 
Thus, 1 – (log-likelihood full model / log-likelihood null model) = log-likelihood ratio / -
2(log-likelihood null model) = 53.99 / -2(-234.30) = 0.12. In this case only 12% of the 
variation in the presence of conical sponges can be explained by water depth. 
The estimated odds ratio from the logistic regression for seagrass presence with 
depth was estimated as 0.27 (95% confidence = ±0.4.) Thus, in contrast to conical 
sponges the odds of seagrass occurring with depth are < 1, an indication that the 
predicted probability of seagrass not occurring with an increase in depth is greater 
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than seagrass occurring. The log likelihood of the full model (g(x) = β0 + β1 (depth)) 
was -284.66, the null model (g(x) = β0) log likelihood was -907.42, the (G2 
statistic=1245.53, df=1) was highly significant (p<0.001). However, about 69% of the 
variability of seagrasses not occurring can be explained by depth. 
 
Figure 3.9 The predicted probabilities from the logistic regression model of the 
occurrence of conical sponges and seagrass in relation to depth. 
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Log-Linear Poisson Generalised Linear Model 
The shape of the predicted mean number of conical sponges (Figure 3.10) was 
similar to that of the predicted presence of conical sponges (Figure 3.9). The 
predicted mean number of conical sponges was 0 until about 6 m where it started to 
slowly increase. From about 12 m the predicted mean value of the number of conical 
sponges was about 0.04 per m2 and increased fairly rapidly to 0.3 per m2 at 16 m 
(Figure 3.10). In contrast, the mean percentage cover of seagrass was 
approximately 43% at around 1 m and decreased fairly rapidly until about 5 m where 
it tends to decrease gradually to about 0.04% at around 16 m (Figure 3.11).  
 
The log-likelihood of the full model (g(x) = β0 + β1 (depth)) was -269.82, the null 
model (g(x) = β0) log-likelihood was -308.62, the (G2 statistic=77.60, df=1) was highly 
significant (p<0.001). In this case only 13% of the variation in the mean number of 
conical sponges can be explained by water depth. 
 
The log likelihood of the full model (g(x) = β0 + β1 (depth)) was -24493.02, the null 
model (g(x) = β0) log likelihood was -48684.26, the (G2 statistic=48382.46, df=1) was 
highly significant (p<0.001). This model shows 50% of the variability in the mean 
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Figure 3.10 The predicted value of the mean number of conical sponges in relation 
to depth from the log-linear poisson generalised linear. 
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Figure 3.11 The predicted mean percentage of seagrass cover in relation to depth in 
from the log-linear poisson generalised linear model. 
 
 
Generalised linear models (GLM) – multiple predictors (Full dataset n = 1,380) 
The binary logistic GLM with water depth, east-west and north-south locations as the 
predictors (G2 statistic=73.97, df=3) was significant in predicting the presence of 
conical sponges (Table 3.3). However, only the effect of water depth and the east-
west location were significant, whereas the north-south position was not. Only 16% 
of the variation in the presence of conical sponges can be explained by this model. 
This is an increase of 4% when using depth alone as a predictor. 
 
The poisson log linear GLM with water depth, east-west and north-south locations as 
the predictors (G2 statistic=119.47, df=3) was significant in predicting the number of 
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conical sponges (Table 3.4). In contrast to the binary logistic GLM, all three 
predictors made significant contributions to the model (Table 3.4). Only 19% of 
variation in the number of conical sponges can be explained by this model. This is an 
increase of 6% when using depth alone as a predictor. 
 
Table 3.3 A binary logistic generalised linear model for predicting the occurrence of 
conical sponges using depth, easting and northing as predictors (n=1380) in the 
Western Gulf of Shark Bay, Western Australia. Model comparison compares the full 
model with the reduced to indicate the significance of the additional predictor. 
 
Table 3.4 A poisson log linear generalised linear model for predicting the number of 
conical sponges using water depth, easting and northing as predictors (n=1380) in 
the Western Gulf of Shark Bay, Western Australia. Model comparison compares the 
full model with the reduced to indicate the significance of the additional predictor. 
 
 df Model Log-
likelihood 
Likelihood ratio (G2) p 





3 -197.32 73.97 <0.001  
  Model comparison 
  Likelihood ratio (G2) p 
Intercept 1 1444.49 <0.001 
depth 2 53.99 <0.001 
easting 3 17.54 <0.001 
northing 4 2.43 0.119 
 df Model Log-
likelihood 
Likelihood ratio (G2) p 





3 -248.89 119.47 <0.001  
  Model comparison 
  Likelihood ratio (G2) p 
Intercept 1 2173.15 <0.001 
depth 2 77.60 <0.001 
easting 3 35.93 <0.001 
northing 4 5.93 0.015 
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Generalised linear models (GLM) – multiple predictors (Reduced dataset n = 
1,150) 
No conical sponges were observed along transects T8 and T9 during the video 
survey of sponges. When transect was added to the models using the full dataset a 
data separation was indicated and the likelihood could not be resolved. Thus, 
transects T8 and T9 were removed from the dataset to include transect as a 
predictor. 
 
The binary logistic GLM showed a (G2 statistic=101,32 df=3) and was significant in 
predicting the presence of conical sponges (Table 3.5). All four predictors had a 
significant effect in predicting the presence of conical sponges, with depth and 
transect being highly significant (Table 3.5). In contrast to the binary logistic GLM on 
the full dataset, northing was significant and more significant than the easting.  This 
model explains 23% of the variation in the presence of conical sponges. 
 
The poisson log linear GLM showed a (G2 statistic=145.87, df=12) and was 
significant in predicting the number of conical sponges (Table 3.6). All four predictors 
had a significant effect in predicting the number of conical sponges and depth and 
transect were highly significant (Table 3.6). This model explains 25% of the variation 
in the presence of conical sponges. 
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Table 3.5 A binary logistic generalised linear model for predicting the occurrence of 
conical sponges using depth, transect, easting and northing as predictors (n=1150) 
in the Western Gulf of Shark Bay, Western Australia. Model comparison compares 
the full model with the reduced to indicate the significance of the additional predictor. 
 
 
Table 3.6 A poisson log linear generalised linear model for predicting the number of 
conical sponges using depth, transect, easting and northing as predictors (n=1150) 
in the Western Gulf of Shark Bay, Western Australia. Model comparison compares 
the full model with the reduced to indicate the significance of the additional predictor.  
 
 
 df Model Log-
likelihood 
Likelihood ratio (G2) p 






12 -173.20 101.32 <0.001  
  Model comparison 
  Likelihood ratio (G2) p 
Intercept 1 1146.53 <0.001 
depth 2 53.58 <0.001 
transect 11 35.76 <0.001 
easting 12 3.87 <0.049 
northing 13 8.10 0.004 
 df Model Log-
likelihood 
Likelihood ratio (G2) p 







12 -222.01 145.87 <0.001  
  Model comparison 
  Likelihood ratio (G2) p 
Intercept 1 1740.50 <0.001 
depth 2 76.27 <0.001 
transect 11 51.79 <0.001 
easting 12 10.01 0.002 
northing 13 7.81 0.005 
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Transect sampling of sponges 
The overall sponge density estimated from swimming 50 m transects was low (0.05 
m2) for the Western Gulf. The mean sponge density was highest in the Middle zone, 
0.07 m2 ± 0.03 and lowest in the Northern zone (0.03 m2 ± 0.01, Figure 3.12). The 
highest sponge density recorded was 0.27 m2, in the Middle zone followed by 0.18 
m2 in the Southern zone.  The density of conical sponges was low in all three zones 
with the Northern zone recording a mean density of 0.01 m2 ± 0.001 (Figure 3.13).  A 
one way ANOVA found that sponge density did not differ significantly between zones 
(F2,14 = 1.343,  p=0.282). 
 
The samples with the highest sponge density in each zone were T113A and T017B 
(north), T59C (middle) and T822C (south) with densities of 0.07, 0.27 and 0.18 
sponges m2, respectively (Figure 3.12). The samples with the highest density of 
conical sponges in each zone were T113A (north), T412B (middle) and T822C 
(south) with 0.01, 0.01 and 0.03 conical sponges m2 (Figure 3.13). In contrast to the 
video survey of sponges, no conical sponges were found along transects T8 and T9, 
however, 3 conical sponges were found at sample point T822C along transect T8.  
Quadrat video surveys contained sponge counts ranging from 0 to 8 and conical 
sponge counts ranging from 0 to 3 (Figures 3.14a, b). The samples from the 50 m 
transect swims contained sponge counts ranging from 0 to 27 and conical sponge 
counts ranging from 0 to 3 (Figures 3.14c, d). The video surveys of sponges in water 
depths > 10 m resulted in higher mean sponge and mean conical sponge densities 
than the transect swim sampling (Table 3.7).  Transect T0 showed the highest mean 
sponge and mean conical sponge densities with T-2 and T9 having the lowest mean 
sponge densities (Table 3.7). 
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Figure 3.12 The density of sponges (m2) at sample points with depth in each zone 
from the Western Gulf of Shark Bay, Western Australia. The size of the circle 
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Figure 3.13 The density of conical sponges (m2) at sample points with depth in each 
zone from the Western Gulf of Shark Bay, Western Australia. The size of the circle 














































































Figure 3.14 The frequency of sponge counts in samples from deep water (> 10 m) 
using quadrat video surveys and 50 m transect swims a) all sponges from video 
quadrat surveys, b) conical sponges from video quadrat surveys, c) all sponges from 
50 m transect swims and d) conical sponges from 50 m transect swims in the 
Western Gulf of Shark Bay, Western Australia. 
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Table 3.7 The mean depth, mean sponge density and mean conical sponge density from 1 m2 quadrat samples and 50 m (100 m2) 











sponge density ± 
SE n





sponge density ± 
SE
T-2 60 12.3 ± 0.19 0.15 ± 0.11 0.08 ± 0.06 2 14.1 ± 2.4 0.01 ± 0.01
T-1 52 13.0 ± 0.21 0.38 ± 0.09 0.02 ± 0.02 1 15.3 ± 0.00 0.05 ± 0.00
T0 63 12.8 ± 0.20 0.90 ± 0.15 0.37 ± 0.09 2 12.9 ± 0.07 0.06 ± 0.02
T1 70 12.8 ± 0.21 0.66 ± 0.18 0.19 ± 0.07 3 13.4 ± 0.96 0.03 ± 0.02 0.003 ± 0.004
T2 82 12.8 ± 0.15 0.34 ± 0.10 0.15 ± 0.05 2 13.3 ± 1.98 0.04 ± 0.01
T3 72 13.5 ± 0.19 0.35 ± 0.11 0.06 ± 0.03 1 15.0 ± 0.00 0.04 ± 0.00 0.01 ± 0.00
T4 76 13.3 ± 0.17 0.38 ± 0.08 0.09 ± 0.02 1 13.4 ± 0.00 0.04 ± 0.00 0.02 ± 0.00
T5 77 13.3 ± 0.10 0.26 ± 0.09 0.04 ± 0.02 4 13.9 ± 0.31 0.10 ± 0.07 0.01 ± 0.002
T6 83 13.2 ± 0.10 0.20 ± 0.06 0.02 ± 0.02 3 13.0 ± 0.7 0.01 ± 0.004 0.003 ± 0.004
T7 79 12.9 ± 0.15 0.41 ± 0.09 0.06 ± 0.03 1 13.5 ± 0.00 0.03 ± 0.00
T8 64 13.3 ± 0.17 0.30 ± 0.09 4 12.6 ± 1.1 0.06 ± 0.05 0.01 ± 0.01
T9 73 12.9 ± 0.15 0.15 ± 0.04 0
1 m Quadrat Samples 50 m Transect swim samples
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3.4 Discussion 
Bathymetry and distribution of sponges 
The intense sampling of benthic habitats of the Western Gulf of Shark Bay found a 
strong spatial pattern of bathymetry, with deeper water in the channels of the north 
western part of the study area. The areas of deep water shifted eastwards, moving 
south in the study area. This study of the distribution of marine sponges showed a 
significant positive relationship between the presence and density of marine sponges 
and water depth. Depth was also found to be significant in predicting the 
occurrences and density of conical sponges. Conical sponges were only found in 
water deeper than 10 m. Other studies of marine sponges have found similar 
positive relationships between sponges and water depth in Ireland (Bell and Barnes, 
2001), the Caribbean (Lesser, 2006), the Dampier Archipelago (Fromont et al., 
2006).  In the Eastern Gulf of Shark Bay Sargeant et al. (2007) showed that the 
predicted probability of observing sponge-carrying bottlenose dolphins increased 
with increasing water depth and sponge coverage.    
 
In addition to water depth, other environmental factors have been shown to influence 
the distribution of marine sponges. These include moderate water flow and high 
sedimentation, and type and shape of substratum (Bell and Barnes, 2001; McDonald 
et al., 2002; Fromont et al., 2006; Lesser, 2006; Bannister et al., 2007; Abdo et al., 
2008). The bathymetry of the study site indicated that deep, relatively narrow 
channels were present in the northwest and southeast of the study area, with the 
deepest water in the northwest area. Although water current was not recorded during 
this study, strong currents were experienced during transect swims in the north-west 
of the study area.  
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The highest numbers of conical sponges were found in the north western region of 
the study site (Figure 3.4). The spatial distribution of sponges also showed a gradual 
increase from northwest to southeast when viewed from north to south along the 
study site, paralleling the distribution of deeper water.  The number and density of 
sponges was also reported to increased in the deep channels of the Eastern Gulf of 
Shark Bay (Sargeant et al., 2007). Water flow is likely to be stronger in the deep 
channels of the region because of their narrow width, and this greater flow would 
favour the growth of conical sponges. The growth rate of marine sponges has been 
found to increase in moderate water flow in other systems (Bell and Barnes, 2000, 
2001; Fromont et al., 2006; Bannister et al., 2007; Abdo et al., 2008).  The size of 
conical sponge’s carried on the rostra of bottlenose dolphins also varies (Smolker et 
al., 1997).  
 
Sponges are generally effective competitors in benthic communities. However they 
are often overgrown by organisms such as ascidians, soft corals and some species 
of algae (Bell and Barnes, 2000). No sponges were observed amongst the seagrass 
dominated habitats from the 1380 video recordings and 24 transect swims 
completed during this study. The absence of sponges from the shallower habitats (< 
10 m) could be a result of unfavourable environmental conditions for sponge growth 
and robust competition for space by seagrass in these areas. In contrast to sponges, 
seagrasses were found only in water < 12 m deep, and were never found with 
conical sponges. In Belize however,  several sponge species were recorded living in 
seagrass meadows of Thalassia testudinum, the most abundant seagrass of the 
Caribbean (Wulff, 2008).    
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Whilst diving in the deeper channel areas of the Western Gulf, the water column 
appeared quite turbid. The water was apparently more turbid than usual for the 
season according to locals of the Useless Loop community. This turbidity could have 
been the consequence of freshwater runoff caused by atypical and unseasonal 
heavy rainfall for the region. Prior to the field trip the Shark Bay area had 
experienced the effect of the tail end of tropical Cyclone “Pancho” which was 
associated with heavy rainfall.  Sponge diversity has been shown to be higher at 
sites with slight to moderate water flow and moderate to high sedimentation, 





The mean sponge density estimated along the 50 m transects swims in water > 10 m 
deep was found to be very low (<0.05 ± SE 0.01 m2). Whereas the mean sponge 
density estimated in quadrats with water depths > 10 m deep was still low (0.37 ± SE 
0.03 m2) but higher than that of the 50 m transect swims. The mean sponge density 
for each transect was higher using the quadrat sampling method than with the 50 m 
transect swims. This may be a result of more quadrat samples including habitats in 
the deep water channels of the north western region of the Western Gulf.  Some 
transect swim samples were also clustered in areas where no sponges were found 
during the quadrat video surveys. No transect swim samples were allocated to the 
deeper channels on transects T0, T1 and T2, where sponges were found to 
aggregate. A tighter stratification of the selection of transect swim sampling sites 
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would possibly provide a more representative sample of the deeper water habitats (> 
10 m) of the study site.  
 
Unexpectedly, the samples with the highest density of sponges were located in the 
middle of the north and middle zones, while in the southern zone the sample with the 
highest density was in the east for the transect swims. However, these were areas 
where the number of random samples was highest for each zone.  In some areas 
where transects were dived and no sponges were observed, sponges were seen 
beyond the transect limits.  No conical sponges were observed south of transect T7 
in the video survey of sponges.  However, when sample site T822 on transect T8 
was dived conical sponges were found. No samples were randomly selected from 
transect T9.  In order to prevent the clustering of samples it may have been 
advisable to further stratify the random selection of sample sites. A possible 
alternative solution could have been to divide each zone into three areas running 




In contrast to conical sponges, seagrasses in the Western Gulf showed a strong 
negative relationship with increasing depth. Seagrasses generally reside in soft 
sediments in near shore marine environments (Huisman, 2000; Gillanders, 2007). 
Typically the seagrasses in the Western Gulf of Shark Bay were also found in the 
shallower embayment plains.  Physical factors such as light, current and wave 
action, turbidity and sedimentation, nutrient levels temperature and salinity influence 
seagrass distribution and abundance (Travers and Potter, 2002; Gillanders, 2007; 
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Holmes et al., 2007; Leoni et al., 2008). Light is particularly influential on seagrass 
productivity (Gillanders, 2007). Thus deeper water could reduce the irradiance levels 
below those required by seagrass. This study predicted that seagrass would be 
absent in areas with water depths below approximately 12.5 m.  In clear water 
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4 Sponges versus Spongers 
4.1 Introduction 
Sponging behaviour of dolphins in Shark Bay is believed to be the first documented 
case of vertically transmitted material culture in marine mammals (Krützen et al., 
2005, Chapter 1). However, the contribution of ecological factors to the development 
of sponging behaviour cannot yet be excluded (Sargeant et al., 2007). The 
occurrence of sponge carrying bottlenose dolphins in the Eastern Gulf of Shark Bay 
is largely restricted to deep channels with high sponge coverage (Sargeant et al., 
2007).  The sponges used by dolphins in this area are conical in shape and were 
identified as Echinodictyum mesenterinum. It is believed that the sponges protect the 
dolphin’s rostrum from abrasion by shells, rocks, spines and stingers of other marine 
organisms while searching for prey in the benthos (Smolker et al., 1997).  Similar to 
the Eastern Gulf, the distribution of conical sponges in the Western Gulf are also 
aggregated in deeper narrow channels (Figure 3.5, Chapter 3).  
 
In 2007, the long term study of Shark Bay bottlenose dolphins was extended to the 
Western Gulf to include systematic transect surveys to document the distribution and 
behaviour of sponging and non-sponging bottlenose dolphins. In the Eastern Gulf 
genetic analyses revealed almost all sponging dolphins are female and from the 
same matriline (Krützen et al., 2005). A recent genetic study of sponging dolphins in 
the Western Gulf also showed that they all originated from a single matriline 
(Ackermann, 2008), but different to the matriline of the sponging dolphins in  the 
Eastern Gulf (Krützen et al., 2005). Another recent study of sponging dolphins in the 
Western Gulf showed that, like their Eastern Gulf counterparts, they were observed 
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in deeper waters (Bacher, 2008). However, Bacher (2008) suggested that a complex 
interaction of social and ecological factors contributes to the variation in sponging 
behaviour. 
 
In this Chapter, I have used data on the distribution of conical sponges and dolphin 
sighting locations and behaviour, collected along twelve transects in the Western 
Gulf (Chapter 3), to investigate whether the distribution of conical sponges influences 
the distribution of sponging behaviour in bottlenose dolphins. 
 
4.2 Materials and Methods 
Dolphin Survey 
As part of a complimentary study, surveys for dolphins were carried out along the 
same transect lines as those where sponge distribution information was collected in 
the Western Gulf of Shark Bay (following Sargeant et al., 2007; Bacher, 2008, see 
transect lines on Figure 3.2, Chapter 3). A “dolphin group” survey was initiated when 
a dolphin(s) was observed within a 300 m radius from the transect line (Sargeant et 
al., 2007). During the first five minutes of a dolphin group survey, individual dolphin 
identities and predominant group behaviour were recorded. The water depth and 
GPS position were recorded at the start of each dolphin survey (Bacher, 2008).  
 
Spatial analyses of dolphin distribution 
The data on sponge distribution used in this Chapter have been described in 
Chapter 3. Data on dolphin behaviour distribution in the Western Gulf of Shark Bay 
were collected as part of a Masters Thesis by Bacher (2008) (2007 data), and PhD 
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studies by Ms Anna Kopps (2008 data), supervised by Dr Krützen at the University of 
Zurich. 
 
Individual dolphins were categorised as either sponging or non-sponging dolphins.  
Using the IDRISI GIS macro modeller, buffer zones (with radii of 300 m, 250 m, 200 
m, 150 m, 100 m and 50 m) were calculated around each dolphin sighting location. 
The maximum buffer radius of 300 m was chosen as this was the same cut-off radius 
for recording dolphin sighting locations and behaviours in the complementary study 
of dolphin distribution and behaviour along transect lines. The total number of 
samples (quadrats) taken to determine sponge distribution within each buffer zone 
and the number of samples containing conical sponges (from Chapter 3) were 
calculated. 
 
The coordinates and depth of the dolphin sightings were imported from MS Excel 
into SpongeBase and the IDRISI Andes GIS software was linked to SpongeBase.  
Using the IDRIS Andes macro modeller the dolphin sightings and sponge distribution 
samples (Chapter 3) were projected from the WGS84 ellipsoid to the Universal 
Transverse Mercator coordinate system. Vector layers for each dolphin sighting 
along the twelve surveyed transects were then created based on UTM coordinates of 
the dolphin location.  The dolphin sighting and conical sponge vector layers were 
then converted to raster images and circular buffer zones with the selected radial 
distance was calculated around the location of the dolphin sighting. The conical 
sponge image was then overlayed upon the dolphin buffer image and the number of 
samples containing conical sponges residing within the buffer zone was counted 
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(Figure 4.1). A similar method was used to count the number of samples located 
within the buffer zone. Both counts were then entered into SpongeBase. 
 
Figure 4.1 The IDRISI Andes macro model used to count the number of conical 




A Binary Logistic Generalised Linear Model was developed to explore the 
relationship between foraging, sponging dolphins and water depth. The total number 
of samples obtained and the number of samples containing conical sponges within 
each buffer zone was used to explore if there was a relationship between the 
sighting locations of sponging dolphins and conical sponges. A Poisson log-linear 
generalised linear model was used to test the relationship between the numbers of 
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sponges and area and the presence of sponging dolphins. The number of samples  
containing conical sponges was defined as the dependent variable and the number 
of samples within the buffer zone was used as the offset variable (i.e. a type of 
weighting factor) to adjust for the fact that the number of samples taken varied 
between locations of different dolphins. The behaviour of dolphins was categorised 




A total of 1,380 marine benthic habitat quadrats were sampled, with 56 samples 
containing conical sponges (Chapter 3). Bottlenose dolphin sightings were 
documented (location and behaviour noted) along ten transect lines in 2007 (T0-T9) 
and twelve transect lines in 2008 (T-2, T-1, T0-T9).  Transect lines T0 -T9 were each 
surveyed ten times for dolphins while T-1 and T-2 were surveyed twice and once, 
respectively. During these surveys, a total of 145 dolphin group sightings were 
documented. Of these sightings, 24% (35) included unique observations of sponging 
dolphins. 
The predicted probability of occurrence of sponging dolphins, from the Binary 
Logistic GLM with depth, was about 1% until a depth of about 3.8 m, then increased 
slowly to 15% at about 10 m and reached its maximum of 70% at about 16 m (Figure 
4.2). 
 
The odds ratio from the logistic regression for the presence of sponging dolphins 
with depth was estimated as 1.52 (95% confidence interval CI = 1.28 to 1.83), similar 
to the value of 1.59 estimated for the probability of the presence of conical sponges 
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with increasing depth (Chapter 3).  As the odds are > 1, the predicted probability that 
sponging dolphins occur with depth is greater than sponging dolphins not occurring. 
This means that for every 1 m increase in depth there is a 1.52 increase in the 
predicted probability of an encounter with a sponging dolphin occurring. The log-
likelihood of the full model (g(x) = β0 + β1 (depth)) was -68.274, the null model (g(x) = 
β0) log-likelihood was -83.41, the (G2 statistic = 30.26, df=1) was highly significant 
(p<0.001). However, only 18% of the variation in the presence of sponging dolphins 
can be explained by water depth. 
 
 
Figure 4.2 The predicted probabilities of encountering a dolphin that is a sponging 
dolphin in relation to water depth based on the logistic regression model. 
 
Does Sponge Distribution Lead to Sponging Behaviour Sponges Versus Spongers 
81 
All foraging sponging dolphins and conical sponges were observed in water depths > 
10 m (Figure 4.3). Of the observations of non-sponging dolphins (107), 52% (56) 
were recorded in water depths > 10 m and 45% (25) of these non-sponging dolphins 
were foraging. Conical sponges were found to predominate in the deeper channels. 
Sponging dolphins were not observed along transects T-2 in the north and T8 in the 
south (Figure 4.3). The mean water depth of conical sponges was 13.5 m and the 
mean for foraging sponging dolphins was 13.3 m. The mean depth of non-sponging 
dolphins was lower than the mean for foraging, sponging (Figure 4.4). Non-sponging 
dolphins were also observed over a greater range of depths than sponging dolphins.  
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Figure 4.3 The Spatial distribution of conical sponges and foraging sponging 
dolphins along twelve transect lines in the Western Gulf of Shark Bay, Western 
Australia. 
Conical Sponges 
Foraging Non-Sponging Dolphins 
Foraging Sponging Dolphins 
Non-Foraging Sponging Dolphins 
Non-Foraging Non-Sponging Dolphins 



















Figure 4.4 Mean depth, confidence limits and depth ranges for conical sponge 
samples and four different behaviours of dolphins along the transect lines. Samples 
containing conical sponges: N=56, Foraging sponging dolphins: N=35, Non-foraging 
sponging dolphins N=3, Foraging non-sponging dolphins: N=55 and non-foraging 
non-sponging dolphins N=52. 
 
 
Sponging dolphins were not found within 50 m of a sample containing conical 
sponges. The generalised linear models did not detect a significant relationship 
between the number of conical sponge samples within each buffer zone and the 
presence of foraging, sponging dolphins (Table 4.1).  The relationship for sponging 
dolphins in the 300 m buffer zone was closest to significance (p=0.23). 
 
 
Sponging Dolphins Non-Sponging Dolphins 
N=56 N=52 N=55 N=3 N=35 
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Table 4.1 The Poisson Log-linear Generalised Linear Model showing the log-
likelihood ratio and significance level for the relationship between the locations of 
sponging dolphins as a predictor of the number of conical sponges within buffer 
zones of varying radii around dolphin sightings. 
 






samples Quadrats P value 
300 m 1.48 24 401 0.23 
250 m 0.23 19 293 0.64 
200 m 0.02 13 191 0.90 
150 m 0.01 7 105 0.93 




Shark Bay bottlenose dolphins (Tursiops sp.) are the only cetaceans to exhibit a 
foraging behaviour using a tool (Smolker et al., 1997; Mann and Sargeant, 2003; 
Krützen et al., 2005; Sargeant et al., 2007). The results from my study suggest that 
ecological factors may have an influence upon the occurrence of dolphin sponging 
behaviour in the Western Gulf of Shark Bay. Here, both conical sponges (Chapter 3) 
and sponging dolphins predominate in the deeper water (> 10 m) and the predicted 
probability of the occurrence of conical sponges and sponging dolphins were 
strongly correlated to increasing water depth. Similarly in the Eastern Gulf, sponging 
dolphins have been shown to predominate in the deeper channels where the 
abundance of sponges was high (Sargeant et al., 2007).  Other dolphin foraging 
tactics are influenced by the environment, e.g. dolphins also exhibit bottom grubbing 
and tail-out / peduncle dive foraging, both which are influenced by ecological factors 
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in the Eastern Gulf (Sargeant et al., 2007). Similar to sponging in the Eastern Gulf, 
tail out / peduncle dive foraging was predominant in deeper water, whereas bottom 
grubbing mainly occurred in shallow habitats with high seagrass cover (Sargeant et 
al., 2007).  Bottom grubbing was also shown to be more common in the colder 
seasons than the warm seasons (Sargeant et al., 2007), possibly a result in the 
decrease of the risk of predation by tiger sharks (Heithaus and Dill, 2002). 
 
Within a radius of 300 m, there was no significant evidence to suggest that the 
occurrence of conical sponges could predict the occurrence of sponging behaviour in 
the bottlenose dolphins of the Western Gulf. This may be a result of the sparse 
distribution of conical sponges, their low abundance (Chapter 3) and the limited field 
studies of dolphins in the Western Gulf so far. With more field trips planned for the 
future, however, the data set for dolphins will increase greatly. Data from the two 
field trips made to the Western Gulf of Shark Bay have resulted in the identification 
of 42 sponging dolphins, 24 of which have been observed more than once (Kopps, 
pers. comm.). In contrast, field studies during more than 20 years of research in the 
Eastern Gulf have identified only 27 sponging dolphins, 21 of which are classified as 
sponging regulars (Bacher, 2008).  
 
In the Western Gulf of Shark Bay, 61% of the study area consisted of deep habitat (> 
10 m water depth, Chapter 3), compared with only 0.26% in the Eastern Gulf 
(Bacher, 2008). Thus, the bathymetry of the Western Gulf suggests that it provides a 
greater area of more favourable sponge habitat than the Eastern Gulf. In addition to 
the habitat and hydrographic features, prey and predator distribution may have an 
important influence on the distribution of sponging dolphins (Heithaus and Dill, 
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2002). It is not known whether sponging dolphins target particular prey types when 
using a sponge. However, bottlenose dolphins have been characterised as universal 
opportunistic hunters, feeding mainly on fish, cephalopods and crustaceans (Connor, 
2001), and have evolved several distinct foraging behaviours (Mann and Sargeant, 
2003).  
 
Sponging dolphins were observed in areas where no conical sponges were found. 
However, as conical sponges were sparse even where found (Chapter 3), it may be 
that conical sponges do grow in those areas but were too sparse to be detected by 
my sampling method. Moreover, dolphins have been observed transporting sponges 
during non-foraging activities such as travelling (Bacher, 2008). Thus, sponges may 
be transported to areas where they don’t grow to take advantage of possible prey 
items that reside in non-sponge areas.  
 
Krützen et al. (2005) suggested that social learning explains sponging behaviour in 
bottlenose dolphins of Eastern Shark Bay, as genetic and ecological factors could be 
excluded by the ethnographic method. However, a similar study of ecological factors 
in the Eastern Gulf of Shark Bay by Sargeant et al. (2007), found that ecological 
factors may have an influence on sponging behaviour and thus shouldn’t be 
excluded until they have been fully explored. It should be noted however, that 
ecology and social learning are not mutually exclusive factors in the development 
and transmission of sponging behaviour (Sargeant et al., 2007).  
 
In contrast to other foraging tactics used by Shark Bay bottlenose dolphins, sponging 
behaviour appears to develop in the second rather than the first year of life (Mann 
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and Sargeant, 2003). This may be due to the difficult nature of the behaviour. 
Conical sponges are found in the deeper waters (Chapter 3) and sponging involves 
deep, long dives (2-3 minutes in duration) in which sponges are torn from the 
seafloor and used for hunting prey (Mann and Sargeant, 2003). In addition, all 
dolphins who have been recorded as sponging dolphins were born to a sponging 
dolphin (Mann and Sargeant, 2003).  It is possible, therefore, that some elements of 
the sponging behaviour could be learned from the mother (Sargeant et al., 2007).   
 
Bacher (2008) concluded that a complex interaction of social and ecological factors 
contribute to the variation in sponging behaviour in Shark Bay bottlenose dolphins. 
However, further studies are required to examine the extent to which ecological, 
genetic or social factors contribute to this variation.  This work will require the 
collection of more information on the dolphins of the Western Gulf and an analysis of 
the home ranges of sponging and non-sponging dolphins in relation to the 
distribution of sponges in the region. 
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5 Conclusion 
The aim of my study was to investigate whether the distribution of sponges in the 
Western Gulf of Shark Bay influenced the sponging behaviour of bottlenose dolphins 
in the same region.   
The objectives of this research were to: 
1. Develop a non-destructive, cost effective rapid marine benthic habitat 
sampling methodology. 
2. Determine the distribution of sponges in the Western Gulf of Shark Bay. 
3. Investigate whether the distribution of sponges influences the sponging 
behaviour of bottlenose dolphins. 
 
A sampling methodology was developed, that allowed the successful and rapid 
deployment (about 18 samples per hour) of a video camera linked to a database to 
collect spatial, biotic and abiotic environmental data from 1,380 sample points over a 
study area of approximately 248 km2. The data was stored electronically in a 
database and was readily available for display, verification, summary and analyses 
by GIS and statistical software. This sampling methodology is readily adaptable to 
varying study sites and benthic habitats. 
 
Sponges in the Western Gulf of Shark Bay were found predominantly in the deeper 
channels > 10 m, where they were sparsely distributed. No sponges were observed 
in the seagrass habitats. Although the velocity of the water current wasn’t recorded 
during this study, field observations indicated that currents were strong in the deeper 
channels of the Western Gulf. Studies of sponges elsewhere in Shark Bay (Sargeant 
et al., 2007) and from around the world, have shown that sponges favour conditions 
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of moderate water flow and sediment load. The presence and number of sponges 
were strongly related to increasing water depth, while both the presence and cover 
of seagrass variables showed the opposite relationship with water depth i.e. they 
declined with increasing depth. 
 
Water depth was shown to strongly influence the presence of dolphin sponging 
behaviour in the Western Gulf of Shark Bay. Like conical sponges, the presence of 
sponging dolphins increased significantly with increasing depth. However, no 
significant relationship was found for sponging dolphins as a predictor of the 
presence and number of conical sponges. Non-sponging dolphins were found in 
shallower water and over a greater range of water depths than sponging dolphins. 
Thus, they may forage in a greater range of habitats than sponging dolphins. Since 
non-sponging dolphins were also observed in deep water they are likely to have 
been exposed to sponges and sponging behaviour. 
 
Developing methods to test for the causes in variation in behaviours within and 
between populations of cetaceans in the wild is challenging. Behavioural variations 
may result from ecological, social, genetic and phenotypic differences. The cultural 
transmission of behaviour in animals has previously been studied in the wild by 
eliminating alternative explanations such as ecology, genetics and individual 
learning. However, studies that have claimed that social transmission is the sole 
explanation for behavioural variation in populations have later been found to have 
associations with ecological factors. Studies of the sponging behaviour in Shark Bay 
bottlenose dolphins have found relationships between genetic, ecological and social 
factors (Mann and Sargeant, 2003; Krützen et al., 2005; Sargeant et al., 2007; 
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Bacher, 2008). However, the extent to which each factor can explain the sponging 
behaviour has yet to be determined. 
 
Potential modifications of the approach for future studies 
After the initial sampling regime was completed, a more stratified sampling method 
may have been beneficial. A quick method may be to position a sample site every 
250 m along transects within the deeper water (> 10 m) areas of the study site using 
the 1 m2 quadrat video surveys. Diving multiple 50 m transects would be more 
hazardous and time consuming, however 50 m transects swims would enable more 
detailed analysis of the sponge environment. Towing a video camera along the 
bottom may be an alternative to diving the 50 m transects. In addition to the 
variables recorded for each sample, taking measurements of water current, turbidity 
and nutrient levels may also have been beneficial when used as predictors in the 
generalised linear models, particularly for sponges. To investigate the density of 
sponges in the deep waters of the zones in greater detail, each zone could have 
been divided up in to quadrants and a random sample site from each transect in 
each quadrant would be selected from water depths > 10 m. This method may have 
prevented the clustering of samples experienced when selecting random samples 
from zones alone and given a more representative sample of the deep water habitats 
in which sponges reside. 
 
The home ranges of sponging and non-sponging dolphins have been estimated in 
the Eastern Gulf of Shark Bay (Bacher, 2008). These estimates have been used to 
determine the area in which sponging behaviour has been observed in the Western 
Gulf (Bacher, 2008). A similar method of home range analysis could be extended to 
Does Sponge Distribution Lead to Sponging Behaviour Conclusion 
91 
include the distribution of sponges in the Western Gulf (Chapter 3) and further 
explore the relationships between sponging dolphins and sponges. Further field trips 
are planned for the Western Gulf of Shark Bay to record sponging behaviour in 
dolphins. This will increase the knowledge on the distribution of sponging behaviour 
in the dolphin population of the Western Gulf and hence provide better estimates of 
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6 Appendices 
6.1 Appendix A - SpongeBase data dictionary 
SpongeBase.mdb  
Table: azimuth  
 Columns 
Name              Type                                  Size 
ID               Long Integer                        4 
bearingDeg      Double                                 8 
bearingMin       Double                                 8 
bearingSec      Double                                 8 
reverseDeg      Double                                 8 
reverseMin       Double                                 8 
reverseSec       Double                                 8 
Relationships 
azimuthtransects 
azimuth                             transects 
ID 1                azimuthID 
Attributes:  Enforced 
RelationshipType: One-To-Many 
Table Indexes 
 Name Number of Fields 
 PrimaryKey 1 
 Fields: 
 ID Ascending 
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SpongeBase.mdb  
Table: division  
Columns 
Name Type                                  Size 
id Long Integer                        4 




id         1    division 




 Name Number of Fields 
 ID 1 
 Fields: 
 id Ascending 
 PrimaryKey 1 
 Fields: 
 id Ascending 
Does Sponge Distribution Lead to Sponging Behaviour Appendix A – SpongeBase Data Dictionary 
94 
SpongeBase.mdb  
Table: nonSpongers  
Columns 
Name            Type                                 Size 
ID             Long Integer                        4 
Ref#             Double                                 8 
Survey type    Text                                   255 
Transect #      Text                                   255 
Year              Double                                 8 
Month              Text                                   255 
Day              Double                                 8 
Substrate         Text                                   255 
S'-25/-26dec    Double                                 8 
E'113dec         Double                                 8 
Depth (m)        Double                                 8 
Temp ©          Text                                   255 
P_Activity       Text                                   255 
D  sponge?     Text                                   255 
Table Indexes 
 Name Number of Fields 
 PrimaryKey 1 
 Fields: 
 ID Ascending 
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SpongeBase.mdb  
Table: samples  
Columns 
Name                                   Type                   Size 
id                                   Double 8 
longitude                              Double 8 
latitude                                 Double 8 
latDeg                                  Double 8 
latMin                                  Double 8 
latSec                                  Double 8 
longDeg                               Double 8 
longMin                                Double 8 
longSec                               Double 8 
transectID                            Long Integer 4 
actualLongitude                   Double 8 
actualLatitude                      Double 8 
video                                  Text                      255 
date                                  Date/Time                8 
time                                  Date/Time 8 
depthMetres                        Double 8 
spongeCount                       Long Integer 4 
conicalSpongeCount           Long Integer 4 
sponges                               Long Integer 4 
spongeType                         Long Integer 4 
temperature                         Double 8 
sampleName                       Text 50 
cloudCover                          Long Integer 4 
notes                                  Memo     - 
division                                Long Integer 4 
seaGrass                             Long Integer 4 




id     1 division 
Attributes:            Enforced 
RelationshipType: One-To-Many 
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spongePointssamples 
spongePoints     samples 
id                  id 
 




id 1 transectRow 




id 1 transectID 
Attributes:  Enforced 
RelationshipType:  One-To-Many 
 Table Indexes 
 Name Number of Fields 
 divisionsamples 1 
 Fields: 
 division Ascending 
 samplesid 1 
 Fields: 
 id Ascending 
 transectRowsamples 1 
 Fields: 
 transectRow Ascending 
 transectssamples 1 
 Fields: 
 transectID Ascending 
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SpongeBase.mdb  
Table: spongeDensityTransectDirection  
Columns 
Name                          Type    Size 
id                          Long Integer                        4 
directionDesc             Text                                     50 
Relationships 
spongeDensityTransectDirectionspongePoints 
spongeDensityTransect  spongePoints 
id 1  direction 
Attributes:  Enforced 
RelationshipType: One-To-Many 
Table Indexes 
 Name Number of Fields 
 id 1 
 Fields: 
 id Ascending 
 PrimaryKey 1 
 Fields: 
 id Ascending 






Name                          Type                                   Size 
ID1                          Long Integer                         4 
id                          Double                                  8 
actualLatitude              Double                                  8 
actualLongitude           Double                                  8 
direction                       Long Integer                         4 
spongeCount               Long Integer                         4 
dolphinSpongeCount   Long Integer                         4 
order                           Long Integer                         4 
date                           Date/Time                            8 
timeIn                           Date/Time                            8 
timeout                         Date/Time                            8 
depth                           Double                                 8 
temperature                  Double                                 8 
Relationships 
spongeDensityTransectDirectionspongePoints 
spongeDensityTransect           spongePoints 
id 1 direction 






Attributes:  Not Enforced, Right Join 
RelationshipType: One-To-Many 
Table Indexes 
 Name Number of Fields 
 id 1 
 Fields: 
 id Ascending 
 order 1 
 Fields: 
 order Ascending 
 PrimaryKey 1 
 Fields: 
 id Ascending 
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SpongeBase.mdb  
Table: spongePoints  
 spongeDensityTransectDirectionSpongePoi 1 
 Fields: 
 direction Ascending 
 
SpongeBase.mdb  
Table: spongerDataComplete  
Columns 
Name                Type                                  Size 
ID                Long Integer                        4 
Ref#                Double                                 8 
Year                Double                                 8 
Month                Text                                  255 
Day                Double                                8 
S'-25/-26dec     Double                                8 
E'113dec           Double                                8 
GPS DATUM    Text                                  255 
Depth(m)           Double                                8 
Temp ©             Double                                8 
Table Indexes 
 Name Number of Fields 
 PrimaryKey 1 
 Fields: 
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SpongeBase.mdb  
Table: transectRow  
Columns 
Name                    Type                    Size 
id                    Long Integer          4 




id 1 transectRow 
Attributes:  Enforced 
RelationshipType: One-To-Many 
Table Indexes 
 Name Number of Fields 
 id 1 
 Fields: 
 id Ascending 
 PrimaryKey 1 
 Fields: 
 id Ascending 
 transectRowtransectRow 1 
 Fields: 
 transectRow Ascending 
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SpongeBase.mdb  
Table: transects  
 Columns 
Name           Type                                  Size 
id           Long Integer                        4 
transect        Text                                    50 




ID 1 azimuthID 




id 1 transectID 
Attributes:  Enforced 
RelationshipType: One-To-Many 
 Table Indexes 
 Name Number of Fields 
 azimuthID 1 
 Fields: 
 azimuthID Ascending 
 azimuthtransects 1 
 Fields: 
 azimuthID Ascending 
 id 1 
 Fields: 
 id Ascending 
 PrimaryKey 1 
 Fields: 
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